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A comparison of free radical scavenging activities of aqueous extracts of the five 
herbal components of Wu-zi-yan-zong-wan, a traditional Chinese medicinal formula, showed 
that Fructus Rubus (FR) was the most potent one. It showed scavenging activity against 
peroxyl, superoxide and hydroxyl radicals. Its antioxidant activity was further investigated in 
primary rat hepatocytes subjected to tert-huty\ hydroperoxide (tBHP) induced oxidative 
stress. Being a short chain analog of lipid hydroperoxide, tBHP is metabolized into free 
radical intermediates via the cytochrome P450 system in hepatocytes. The free radicals 
generated initiate lipid peroxidation，glutathione depletion and eventually cell damage. Pre-
treating rat hepatocyte with aqueous extract of FR (50|ig/ml to 200|ag/ml) for 24 hours 
significantly reversed tBHP-induced viability loss and lactate dehydrogenase leakage. Such 
pre-treatment inhibited glutathione depletion and lipid peroxidation. The amount of peroxyl 
radical formed was also decreased as detected by the fluorescence probe 2’，7,-
dichlorofluorescin diacetate. These results suggested that FR extract was useful in protecting 
against tBHP-induced oxidative damage in rat hepatocytes. FR extract inhibited tBHP-
induced hepatotoxicity, but these changes were not associated with the decrease in serum 
ALT and AST activities in the liver in a mouse model. Polyamide column chromatography 
separated two fractions from FR extract. Both fraction, either tannin rich or tannin negative, 
scavenged superoxide anion. The observation showed that more than one type of antioxidant 
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1.1 Reactive oxygen species (ROS) 
ROS is a group of chemical species containing one or more unpaired electron. Such 
unpaired electron makes them highly reactive. ROS may attack any nearby biomolecules 
including proteins, lipids and DNA. This action may result in irreversible cell damage and 
loss of viability. In recent decades, there was a growing body of evidence showing that 
ROS are involved in various pathogenesis such as cardiovascular diseases (Usberti et al., 
2002; Lee and Blair, 2001; Alameddine and Zafari, 2002), Alzheimer's disease (Gibson et 
al, 2002; Bisaglia et al, 2002), genital disorders (Mitropoulos et aL, 1996; Bhardwaj et 
al., 2000; Rajesh et aL, 2002) and liver diseases (Poli et aL, 1998). Thus, the search for 
antioxidants to protect our bodies against ROS induced damage has become the major 
interest of many research groups. 
1.1.1 Hydrogen peroxide 
Hydrogen peroxide (H2O2) is commonly generated from the dismutation of 
superoxide. H2O2 itself is not a free radical and its oxidative activity is limited by its low 
ability in penetrating biological membranes. H2O2 can be monovalently reduced by 
transition metal ions such as Fe^ "^  yielding highly reactive oxidants (Reaction 1.1). This 
reaction is called Fenton's reaction and these reactive oxidants are described as Fenton's 
reagents. After a series of reactions, Fe^^ ion is regenerated which continues to react with 
another molecule of H2O2. Hence, transition metal ions play an important role in mediating 
the oxidative activity of H2O2. Ion chelators such as EDTA or deferoxamine (Horackova et 
a!., 2000) are often regarded as antioxidants. 
Fe2+ + H2O2 > Fe3+ + OH" + OH 
OH + H2O2 > • + H+ + 02" 
2 
( V + H2O2 ~ ~ > O2 + O H " + O H 
Fe3+ + H 2 O 2 > Fe2+ + 2H+ + O2" 
Fe3+ + O2"——> Fe2+ + O2 (Reaction 1.1) 
1.1.2 Superoxide anion 
Superoxide anion is generated by the reduction of molecular oxygen in 
mitochondria during respiration. However, it is not highly reactive since it is impermeable 
to biological membranes. It is often trapped in the cellular compartment where it is 
generated, for example, the inner mitochondrial membrane. This compartment contains 
high concentrations of free electron and molecular oxygen, which make mitochondrion the 
most susceptible site of oxidative damage. The major toxicity of superoxide comes from its 
interaction with nitric oxide (NO). They react to produce the strong oxidant, peroxynitrite 
(0N00~) . Superoxide can also be formed by enzymatic reactions. The flavoenzyme, 
xanthine oxidase, oxidizes xanthine with the formation of superoxide anion (Reaction 1.2). 
Lipooxygenase and cyclooxygenase located in phagocytes or non-phagocytic cells also 
generate superoxide for immunological and signaling purposes respectively. 
Xanthine oxidase 
Xanthine + O2 > O2" (Reaction 1.2) 
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1.1.3 Hydroxyl radical 
Hydroxyl radical is the most reactive free radical. It probably can oxidize all kinds 
of biomolecules and cause much more damage than other ROS to biological systems. The 
radical is formed from the aforementioned Fenton's reaction involving H2O2 and metal 
3 
ions (Fe2+ or Cu+) aforementioned. Hydroxyl radical attacks membrane lipids and initiates 
lipid peroxidation chain reaction. 
1.1.4 Carbon centered radical 
Carbon centered radical can be generated via the metabolism of xenobiotics by liver 
microsomal cytochrome P450 enzyme system. For example, carbon tetrachloride is 
reduced to form the free radical intermediate, trichloromethyl radical (Recknagel et al, 
1989)，which is further converted to peroxyl radical (Slater, 1987). These carbon-centered 
radicals can react with oxygen or other cellular components to form other free radicals. 
Their reactivities towards other molecules are structure dependent; steric hindrance can 
diminish their activity (Bejan et al., 2001). 
1.1.5 Nitric oxide 
Nitric oxide (NO) plays an important role in many physiological processes 
including signal transduction (Brenman and Bredt, 1997) and host defense in animals and 
plants. NO is synthesized from the amino acid L-arginine catalyzed by nitric oxide 
synthase (NOS; EC 1.14.13.39; Reaction 1.3). 
NOS 
L-arginine + O2 + NADPH > L-citrulline + NO + NADP+ (Reaction 1.3) 
.There are three isoforms of NOS, neuronal NOS, inducible NOS and endothelial 
NOS. In physiological concentration, NO serves as an essential physiological factor but 
excessive production of NO will result in oxidative stress. However, its toxicity is limited 
to site of generation since it does not pass through biological membrane readily. 
Furthermore, it does not readily react with other biomolecules as it lacks unpaired electron. 
Unfortunately, NO can react with superoxide to give highly destructive peroxynitrite 
4 
radical (ONOO") (Beckman and Koppenol, 1996) (Reaction 1.4a). Peroxynitrite readily 
reacts with diverse biomolecules in one- or two-electron oxidative reactions. It also reacts 
with molecular carbon dioxide to give highly reactive nitroso peroxycarboxylate 
( O N O O C O 2 " ) or be protonated to peroxynitrous acid (ONOOH)，which homolyzes to form 
OH and NO2 radicals (Pryor and Squadrito, 1995) (Reaction 1.4b). On the other hand, NO 
can also be considered as an antioxidant. It can react with other radicals and function as a 
free radical scavenger to break radical-initiated chain reactions, e.g. lipid peroxidation in 
cell membrane (Rubbo et al, 2000; Hogg and Kalyanaraman, 1998). 
NO + O2" > ONOO" (Reaction 1.4a) 
ONOOH ~ > OH + NO2 (Reaction 1.4b) 
1.2 Physiological roles of ROS 
1.2.1 Signal transduction 
ROS plays an important role in many physiological processes especially in signal 
transduction. Low concentrations of superoxide anion and H2O2 function as signal 
transmitter in mammalian cells. Ligand stimulation of non-phagocytic cells results in a rise 
in intracellular ROS level. These ligands including cytokines (Ohba et al., 1994; Lo and 
Cruz, 1995) and peptidal growth factors (Sundaresan et al., 1995) coupled to the G-protein 
system. The ligand receptors should have some kinds of linkage with intracellular NADPH 
oxidases, which is capable of increasing intracellular ROS level. The ROS generated by 
this enzyme transmits signals to downstream pathway effectors specifically. Such 
specificity is contributed by the interaction between ROS and several redox sensitive 
proteins such as SoxR and OxyR isolated from Escherichia coli. However, there is still a 
lack of information concerning this kind of ROS sensing protein in mammalian cells. ROS 
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may directly regulate the activities of transcriptional factors. They are implicated in the 
activation of a wide variety of kinases such as mitogen-activated protein kinase and protein 
kinase C (Klann et ai, 1998). The activities of N F - K B and AP-1 also depend on 
intracellular redox status (Schulae-Osthoff er al., 1995). 
NO participates in neurotransmission in both central and peripheral nervous 
systems. The special properties of NO make it an ideal non-synaptic neurotransmitter. It is 
a highly diffusible gas molecule, that crosses cellular membranes rapidly and exerts its 
effect on surrounding neurons. It participates in non-synaptic neurotransmission. The 
activity of nNOS depends on the opening of the NMDA receptor and thus intracellular 
level (Brenman and Bredt, 1997). 
1.2.2 Phagocytic activity 
ROS is an important player in our defense system against invading microbes. The 
production of superoxide by activated phagocytes or neutrophils is an essential part of their 
bacterial killing ability (Babior, 1978). Superoxide is generated by the phagocytic NADPH 
oxidase. This enzyme consists of two membrane bound subunits (gp91phox and p22phox) 
and two cytosolic subunits (p47phox and p67phox). When neutrophils are activated by 
ligand signals, the two cytosolic components complex with the membrane associated 
components to form functional enzyme. Superoxide kills microbes through several 
( 
pathways. It inhibits the activities of essential enzyme activities such as catalase, ornithine 
decarboxylase and glutamine synthase in microbes. It also inhibits certain dehydratases in 
Escherichia coli (Gardner and Fridovich, 1991). Other ROS including H2O2 and 
hydrochlorous acid are also involved in bacterial killing. In addition to killing invaders 
6 
directly, ROS also serves as an activator of fibroblast around the wound (Murell et al., 
1989). Fibroblasts produce collagen fibrils that seal the wound to prevent further infection. 
1.3 Defense systems against ROS 
Aerobic organisms possess antioxidant defense against ROS generated as a 
consequence of aerobic respiration or metabolism of exogenous substrates or oxidants. A 
low level of ROS is indispensable in many biological processes. However, high level of 
ROS due to excessive free radical production or inadequate ROS removal will result in 
oxidative stress. The antioxidant defense can be classified into enzymatic or non-enzymatic 
one. Enzymatic antioxidants include catalase, superoxide dismutase (SOD), selenium-
glutathione peroxidase (GPx), glutathione reductase (GR) and glutathione-S-transferases 
(GST). They serve as the first line of antioxidant defense since they are highly efficient and 
sustainable. 
Low molecular weight antioxidants serve as the secondary defense against 
oxidative damage. They can be broadly defined as substances which significantly prevent 
. o r delay, even at relatively low concentration compared with the oxidizable substrate, 
oxidation of that substrate (Halliwell and Gutteridge, 1989). They possess antioxidant 
activity by: 
(i) preventing chain initiation by direct scavenging ROS; 
I 
(ii) decreasing localized oxygen concentration; 
(iii) chelating or binding metal ions involved in ROS generation, e.g. Fe�— ions in the 
Fenton's reaction; and 
(iv) acting as the cofactor or reducing substrates for antioxidant enzymes. 
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While glutathione and uric acid are naturally found in the body, non-enzymatic 
antioxidants such as ascorbic acid and a-tocopherol are not synthesized in human beings 
but they can be obtained from exogenous nutritional sources. The ultimate goal of 
possessing these antioxidant defenses is to achieve redox homeostasis. 
1.3.1 Endogenous antioxidant enzymes 
1.3.1.1 Catalase 
Catalase (EC 1.11.1.6) catalyzes the decomposition of H2O2 to form water and 
molecular oxygen with reducing potentials (Reaction 1.5). Catalase is a tetrameric enzyme 
with four identical 60kDa subunits arranged tetrahedrally (Aebi，1980)，and each of them 
contains a ferriprotoporphyrin group. The subunits also contain a NADPH molecule 
(Kirkman et al., 1987). Catalase is mainly located at peroxisomes, which also contain most 
of the enzymes capable of generating H2O2. The content of catalase is highest in liver cells 
and erythrocytes but lower in other tissues. 
Catalase 
2 H2O2 > 2 H2O + O2 (Reaction 1.5) 
1.3.1.2 Superoxide dismutase (SOD) 
SOD (EC 1.15.1.1) catalyzes the dismutation of superoxide anion, O2" , to relatively 
less toxic H2O2 and oxygen (Reaction 1.6). Such activity therefore represents a source of 
H2O2 in cells. The H2O2 formed is then removed by catalase and GPx catalyzed reactions. 
The activity of SOD depends on transition metal ions, including Zn, Mn and Cu. Two SOD 
isoenzymes are found in eukaryotic cells. The 32kDa dimeric Cu/Zn forms are found in 
cytosol and the 80kDa tetrameric Mn-SOD is present in mitochondria. The Cu/Zn-SOD 
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destroys superoxide by successive oxidation and reduction of the transition metal ion 
located at the active site through a 'ping-pong' type reaction. 
Mitochondrial Mn-SOD is a homotetramer with a molecular mass of 96kDa. Each 
subunit contains one Mn (III) ion, which is reduced to Mn (II) after dismutating superoxide 
anion and subsequently re-oxidized to Mn (III) ion. The expression of Mn-SOD, unlike 
Cu/Zn-SOD, is induced by oxidative stress. Mitochondrion is the major site of oxidative 
phosphorylation in which a high amount of superoxide is formed due to the leakage of 
electrons from the respiratory chain. The extremely efficient activity of SOD thus plays an 
essential role in protecting the structural and functional integrity of mitochondria. 
SOD 
2O2" + 2H+ > H2O2 +O2 (Reaction 1.6) 
1.3.1.3 Selenium-Glutathione peroxidase (Se-GPx) 
GPx (EC 1.11.1.19) detoxifies H2O2 and other organic peroxides with the oxidation 
of glutathione (Reaction 1.7). Four types of GPx are present in mammals (GPx 1-4), and all 
of them contain a selenocysteine in each of the four identical subunits (Tappel, 1978). All 
of the four isoforms are cytosolic enzymes. GPxl and GPx4 are widely distributed in 
different tissues, while GPx2 and GPx3 are mainly expressed in gastrointestinal tract and 
kidney (Roxborough et al., 1999). GPx catalyzes the decomposition of peroxides, in which 
the selenolate ion (Se~) located at the active site is oxidized to selenenic acid (SeOH). 
SeOH then reacts with GSH to form a selenenylsulfide adduct (Se-SG), which can be 
regenerated to selenolate ion by the addition of a second molecule of GSH. Thus, selenium 
deficiency may result in the loss of GPx activity in cells (Nakane et al, 1998). 
GPx 
ROOH + 2GSH > ROH + GSSG + H2O (Reaction 1.7) 
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1.3.1.4 Glutathione reductase (GR) 
GR (EC 1.6.4.2) does not interact with free radicals directly but provides support to 
the activity ofGPx and GST by regenerating GSH with the oxidation ofNADPH (Reaction 
1.8). This enzyme is essential in maintaining glutathione level in cells. 
GR 
GSSG + 2NADPH > 2GSH + NADP+ (Reaction 1.8) 
1.3.1.5 Glutathione-S-transferases (GST) 
GST (EC 2.5.1.18) are phase II detoxification enzyme. Phase II enzymes catalyze 
the conjugation of hydrophobic xenobiotics with endogenous water-soluble substrates such 
as GSH (Jones, 2002). This action makes lipophilic xenobiotics more water-soluble and 
less toxic and hence facilitates their elimination from cells. GST catalyze the detoxifying 
reactions involving GSH. They catalyze thiol conjugation of aromatic substituents and 
peroxides, resulting in the formation of GSSG (Reaction 1.9). These enzymes also remove 
ROS in cell and regenerate reduced thiol groups in oxidized proteins. All GST are dimeric 
enzyme mainly distributed in cytosol. A separate class of microsomal GST has distinct 
properties from the cytosolic forms. Mammalian GST are classified into the a , \x and p 
class，whose genes are distributed on different chromosomes (Webb et al., 1996). 
, GST 
ROOH + 2GSH > ROH + GSSG + H2O (Reaction 1.9) 
The properties of the aforementioned antioxidant enzymes were summarized in 
Table 1.1. 
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Table 1.1. Metal ions located in the active site of various antioxidant enzymes. 
Enzyme Metal ion Reaction 
Catalase Fe 2 H2O2 — 2 H2O + O2 
SOD Cu/Zn or Mn 2O2" + 2H+ H2O2 +O2 
GPx Se ROOH + 2GSH — ROH + GSSG + H2O 
GR None GSSG + 2NADPH 2GSH + NADP^ 
GST None ROOH + 2GSH ROH + GSSG + H2O 
t 
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1.3.2 Non-enzymatic antioxidants 
Non-enzymatic antioxidants are often low molecular weight species. They 
represent the second line of defense against oxidative stress. Most of them are not present 
in human naturally but can be obtained through nutritional sources. These low molecular 
weight antioxidants possess antioxidative activity by scavenging free radicals itself with 
ultimate loss of activity. Such scavenging activity terminates free radical chain reactions 
initiated by hydroxyl or other reactive radicals. These antioxidants are less effective than 
antioxidant enzymes and a much higher dose is required. 
1.3.2.1 Vitamin E (tocopherols and tocotrienols) 
Vitamin E includes a family of tocopherols and tocotrienols. It is first discovered in 
1936 and is primarily characterized as a-tocopheroL Other isoforms are isolated and 
characterized thereafter with four tocotrienols being discovered. The different isoforms 
differ from each other in the substituents on the chromanol nucleus. The a - f o r m contains 
three methyl group, the (3- and y - have two, and the 6 - form has only one. All of these 
isoforms are potent antioxidants. 
Vitamin E is a fat-soluble vitamin, thus it tends to partition into tissue lipids like 
lipoproteins and cell membranes. The highest concentration of vitamin E is found in the 
membrane of Golgi bodies and lyzosomes (Buttriss and Diplock, 1988)，while a -
tocopherol is the major form of vitamin E present in membranes. Three forms of 
tocopherol binding proteins (TBP) are present in the cytosol of mammalian cells (Dutta-
Roy, 1999). They are important in the transportation and metabolism of vitamin E 
absorbed from diet. The 30kDa hepatic protein is responsible for the discrimination of 
vitamin E derivatives. The second TBP is a 15kDa cytosolic protein widely distributed in 
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most tissues. It tends to bind a-tocopherol in preference to other forms. The last one is a 
membrane bound protein found in human erythrocyte and liver, which regulates vitamin E 
uptake. 
The principle antioxidant activity of vitamin E is scavenging lipid peroxyl radicals 
and breaking lipid peroxidation chain (Liebler, 1993). Tocopherols react with lipid peroxyl 
radicals through a hydrogen transfer manner which results in the formation of more stable 
tocopheroxyl radical. The stereo electronic feature of vitamin E molecules contributes to 
the stability of the tocopheroxyl radicals. The concentration of vitamin E in tissues is 
relatively low and is less than 2mmol per mole of phospholipid. Such low concentration of 
vitamin E is, however, effective in scavenging peroxyl radical. Vitamins A and C, and co-
enzyme Q are able to mediate the redox regeneration of vitamin E from tocopheroxyl 
radical. 
1.3.2.2 Vitamin C (L-ascorbic acid) 
Vitamin C is a water-soluble six-carbon lactone. Most animals can synthesize it 
from glucose in the liver 叫d the kidney. However, human and most primates are unable to 
synthesize this vitamin since they lack the terminal enzyme in the biosynthetic pathway, 
gluconolactone oxidase. This pathway is complete in most plants. Thus human must obtain 
this vitamin through dietary sources especially from plant materials. Vitamin C is widely 
distributed in tissue with the highest concentration found in the pituitary and adrenal gland 
at 0.3-4mg/g of tissue. Other tissues contain 0.1-0.5mg per gram of tissue (Homing, 1975). 
Vitamin C possesses its antioxidant activity by acting as an electron donor or 
reducing agent. Upon donating a pair of electron from the C2-C3 double bond to other 
radicals, ascorbate turns into semihydroascorbic acid radical. This radical is relatively 
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unreactive and can be reversibly reduced to ascorbate. Ascorbate is reactive in scavenging 
superoxide, aqueous peroxyl radical, peroxynitrite, hydrochlorous acid and singlet oxygen. 
It also plays a role in regenerating other low molecular weight antioxidants including 
vitamin E and GSH (Halliwell, 1996). Ascorbate exerts its protective effect mainly in 
cytosol and extracellular fluids (e.g. blood) since they are water-soluble. It also exerts 
antioxidant activity by participating in the regeneration of vitamin E (Wang et al, 1996). 
However, at high concentration, ascorbate becomes a pro-oxidant. Ascorbate molecules 
interact with each other to produce H2O2, which in turn generates hydroxyl radicals in the 
presence of metal ions. Thus, a safe dosage of vitamin C is critical in determining its 
biological activities. 
1.3.2.3 Glutathione 
Glutathione (GSH) is the most important low molecular weight antioxidant in 
biological systems. It is a tripeptide consisting of the amino acids namely cysteine, 
glutamate and glycine. The glutamate and cysteine residues are linked through the y-
carboxylate group of glutamate and the amino group of cysteine, which differs from the 
usual a-carboxylate found in proteins. This unique property of GSH makes it resistant to 
protease or peptidase attack in protein turnover. GSH is synthesized through a ribosome 
independent pathway in which the two cytosolic ATP-dependent enzymes, y-
glutamylcysteine synthase and glutathione synthase, are involved. Degradation of GSH is 
catalyzed by another unique enzyme，y-glutamyltranspeptidase. The glutamate group is 
removed from GSH to give cysteinylglycine. These separated enzyme systems make GSH 
metabolism independent of protein synthesis and degradation. The thiol group of the 
cysteine residue is the functional group of GSH. Two thiol groups are oxidized to form a 
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disulfide bond. The thiol group provides a reducing potential for reducing oxidized cellular 
components, scavenging free radicals and breaking oxidation chain reactions. Thiol is also 
used for detoxification of oxidants by GST (Jones, 2002). 
1.3.2.4 Flavonoids and polyphenols 
Flavonoids and polyphenols are widely distributed in the plant kingdom. The most 
well known are tea polyphenols. Common dietary polyphenolic compounds include 
phenolic polymers (commonly known as tannin), phenolic acids and flavonoids (Bravo, 
1998). Over 4,000 kinds of flavonoids have been identified. The most common flavonoid 
found in plants is the group of flavonols, including quercetin, kaempferol and myricetin 
(Enrique and Alicia, 2002). The dietary flavonol, catechins and epicatechins, are present in 
high content in tea and red wine. They often polymerized with gallic acids to form 
epigallocatechin gallate or epicatechin gallate. 
Polyphenolic compounds exert antioxidant activity by scavenging free radicals, 
chelating metal ions (van Acker et al, 1996) or acting as a reducing agent or hydrogen 
atom donor (Rice-Evans et al, 1995; 1996). The structural features of polyphenols 
strongly determine their antioxidant activities. The basic structure of flavonoids consists of 
a ring A, condensed to a heterocyclic ring C which is attached to a second aromatic ring B. 
They contain numerous hydroxyl groups on their aromatic rings, which confer to their 
potent antioxidant activity. The presence of an ortho-dihydroxy structure in the B ring 
appears to be the key for free radical scavenging and metal ion chelating activities (Rijken 
et al., 2002). The central ring C plays a role in promoting electron delocalization and 
stabilization of the flavonoid aroxyl radical. 
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1.3.2.5 Uric acid 
Uric acid is a product of purine catabolism. It is found in relatively high 
concentration in humans due to the lack of the enzyme uricase which, in other animals, 
oxidizes uric acid to allantoin. Uric acid is a water-soluble antioxidant in human plasma 
that exerts antioxidant activity at physiological concentration. It scavenges free radicals 
(Davies et al, 1986) and suppresses oxidative degradation of low-density lipoportein 
(Schlotte et al., 1988). The antioxidant activity of uric acid is attributed to its ready 
formation of urate anion radical through one electron oxidation (Simic and Jovanovic, 
1989). Studies have showed that altering the substitution groups at the nitrogen atoms in 
uric acid can alter the antioxidant properties of uric acid (Bhat et al, 2001). 
1.4 Roles of ROS in pathogenesis 
ROS is continuously generated in aerobic organisms during oxidative respiration. 
The antioxidant defense system developed in evolution protects living things from being 
attacked by ROS. The antioxidant defense maintains ROS at a desirable level for normal 
. physiological functions. In some circumstances, the rate of ROS generation may exceed 
the removal rate. Excessive ROS generated will cause oxidative stress and oxidative 
damages to cellular components. The redox homeostasis between ROS formation and 
clearance can be altered by abnormal physiological processes or through metabolism of 
xenobiotics. For example, the hepatotoxicity of carbon tetrachloride and menadione 
(Stubberfield and Cohen, 1989; Shertzer et al, 1992) are mediated by free radical 
generation. Undesirable inflammation also results in oxidative stress (Miesel and Zuber, 
1993; Proulx and du Souich, 1995). 
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Excessive ROS formed cause damage or chemical modification to DNA. A number 
of alterations, including DNA cleavage, base cross linking or purine oxidation, are due to 
reactions with ROS, especially hydroxyl radical. If the DNA repairing system fails in 
regenerating intact DNA immediately, mutation may result. The population exposed to 
oxidative stress has a higher prevalence of cancer (Mamett, 2000). ROS also attacks lipids 
and initiates lipid peroxidation chain reaction. Polyunsaturated fatty acids are excellent 
targets for ROS attack since they contain multiple double bonds. The oxidation of low-
density lipoprotein is involved in the development of cardiovascular diseases. Lipid 
peroxidation can be easily detected spectrophotometrically by measuring the amount of 
malondialdehyde (MDA) formed by simple chemical reaction. ROS also reacts with 
several amino acid residues in proteins lead to MDA formation. 
Over the recent decades, there has been increasing concern about the role of ROS 
in numerous pathogenesis. There is a growing body of evidence showing the involvement 
of oxidative damage in cardiovascular diseases, liver cirrhosis, genital disorders and aging. 
1.4.1 Liver diseases 
Oxidative stress is involved in alcoholic liver disease (ALD) and other 
inflammatory liver damage. The metabolism of ethanol in liver by cytochrome P450 2E1 
results in the formation of the 1-hydroxyethyl radical (HER) (Albano et al, 1996; 
Stoyanovsky and Cederbaum, 1998). Elevated HER level was found in ALD patients when 
compared with patients with liver diseases which is not alcohol-related (Moore et al, 
1995). HER generated through alcohol metabolism produces cell damage via numerous 
routes. Free radical induces cell damage primarily by initiating lipid peroxidation and 
causing membrane damage. Both cell culture and animal experiments show that the degree 
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of lipid peroxidation is increased in experimental induced oxidative liver damage 
(Jaeschke, 1991; Poli et al, 1998). HER inactivates a wide range of enzymes including 
antioxidant enzymes, like catalase，SOD, GR and GPx in a dose dependent manner 
(Santiard et cd., 1995; Puntarulo et al, 1999). Such action diminishes the antioxidant 
capacity of liver and further potentiates oxidative stress induced cellular damage. 
The attack of free radical on cellular proteins, especially structural proteins, 
stimulates the production of autoantibodies. The products of oxidative damage, such as 
MDA, also react with cellular components to form adducts. Increased antibody titer is 
observed in sera of ALD patients (Albano, 2002). In the late stage of ALD, cirrhosis and 
fatty liver commonly develop. ROS stimulates the excessive production of collagen type I 
in liver by stimulating the activity of stellate cells, which is the major cause of fibrosis. In 
addition to acting intracellularly, ROS also mediates liver damage at the extracellular 
positions. They inhibit plasma antiprotease so that the protease released by neutrophils can 
attack all targets non-specifically. Thus, these proteases can act on their targets undisturbed 
and finally results in protease-mediated cell damage (Mavier et cd.’ 1988; Weiss, 1989). 
In addition, HER causes liver mitochondrial damage by inducing mitochondrial 
membrane permeability transition (MPT) (Sakurai et al, 2000). MPT leads to 
mitochondrial uncoupling and loss of the membrane potential. Excessive ROS generation 
causes rapid oxidation of NAD(P)H and increase in mitochondrial Ca^^ concentration. 
These changes in cellular status ultimately contribute to necrosis. These abnormalities 
induced by free radical could be relieved by antioxidants such as ascorbate, GSH and a -
tocopherols (Puntarulo et al, 1999). These antioxidants also inhibit ethanol induced 
apoptosis in alcoholic rat hepatocytes (Minana et al” 2002). Hence, the use of antioxidant 
therapy in treating hepatic diseases was suggested (Bmck et al., 2001). 
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1.4.2 Genital malfunctioning 
Male genital disorders are related to oxidative stress (Mitropoulos et al, 1996; 
Bhardwaj et al, 2000; Rajesh et al, 2002). The semen samples obtained from patients 
have an elevated level of oxidative products and reduced total antioxidant capacity. 
Vitamin E and GSH content in sperm of infertile patients are reduced (Ochsendorf et al, 
1998; Bhardwaj et al, 2000) making them more susceptible to oxidative damage. Sperms 
contain a relatively large number of mitochondria, in which ROS are continuously 
generated through oxidative respiration. These factors make them more susceptible to 
oxidative stress. Antioxidants show beneficial effect on sperm activity and motility in 
infertile patients (Alleva et al, 1997). 
1.5 The traditional Chinese medicinal formula, Wu-zi-yan-zong-wan 
Chinese medicine is characterized by the use of multiple components in the 
prescriptions. A combination of herbal ingredients is included in a prescription so that 
numerous symptoms can be cured at the same time. The presence of an ingredient may 
potentiate the therapeutic activity or suppress the undesirable effects of others. Combining 
several herbal ingredients may alter the original pharmacological properties of individual 
component. Wu-zi-yan-zong-wan (WZ) is a traditional Chinese medicinal formula 
consisting of five herbal components including Semen Cuscutae (SC) [Cuscuta chinensis 
(Convolvulaceae) seeds], Fructus Lycii (FL) [Lycium barharum or L chinense 
(Solanaceae)]，Fructus Schisandrae (FS) [Schisandra chinensis (Magnoliaceae) fruits], 
Fructus Rubi (FR) [Rubus chingii (Rosaceae) fruits] and Semen Plantaginis (SP) [Plantago 
asiatica or P. depressa (Plantaginaceae) seeds]. The WZ formula is used as a tonic drug 
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for "kidney" malfunctioning (genital disorder). This pharmacological effect is well 
documented in medical treatises (Dictionary of Chinese Medicine, 1993-1998) as well as 
in the Chinese Pharmacopoeia (2000). 
The WZ formula is traditionally prepared and used in the following manner as 
described in the Chinese Pharmacopoeia (2000): 
Composition-. 400g FL; 400g SC (stir-fired); 200g FR; 50g FS (steamed); lOOg SP (stir-
fired with NaCl). 
Preparation: All the five components were ground into fine powder, sieved and mixed 
according to the composition described above. One hundred grams of the 
powder was mixed with 35-50g honey and an appropriate amount of water 
to prepare the 'water-honey-pill'. 'Small-honey-pill' or 'large-honey-pill' 
can be prepared by mixing the powder with 80-90g honey without water 
instead. 
Dosage: Orally 6g/dose of 'water-honey-pills', or 9g/dose 'small-honey-pills' and 
'large-honey-pills', two doses per day. 
1.5.1 Pharmacology of individual herbal components 
The WZ formula consists of five herbal components derived from different plant 
sources. Each of them contributes different functions in the overall pharmacological 
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activities of the formula. 
1.5.1.1 Semen Cuscuta 
SC, known in Chinese as ‘Tu-s i -z i ’ � i s derived from the seeds of Cuscuta 
chinensis Lam or C. australis R. Br. It is used in treating liver and kidney disorders and 
also strengthening their functions (Dictionary of Chinese Medicine, 1993-1998). The 
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aqueous extract of SC has been shown to inhibit aldose reductase (Matsuda et al., 1995) 
and scavenge free radical (Kwon et aL，1997; Bao et al, 2002). It serves as the 'emperor' 
in the WZ formula and is responsible for the main biological activity of the formula. 
1.5.1.2 Fructus Lycii 
FL，known in Chinese as 'Gou-qi-zi', is derived from the dried fruits of Lycium 
barbarum L. (Solanaceae). It exerts tonic effect on liver, kidney and eyes (Dictionary of 
Chinese Medicine, 1993-1998). This fruit is rich in polysaccharides and peptidoglycans 
that exert antioxidant effect in erythrocytes by inhibiting lipid peroxidation (Ren et al., 
1995) and inhibit tumor growth in mice (Liu et al,, 1996). The extract of FL also inhibits 
carbon tetrachloride induced liver damage (Kim et al., 1997). They also possess 
immunomodulatory, antifatigue, and antihypoxic activities. The FL extract also has been 
shown to possess anti-hyperglycemic and anti-hypercholesterolemic activities. It serves as 
the 'emperor' in the WZ formula and contributes to the main biological activity of the 
formula. 
1.5.1.3 Fructus Schisandrae 
FS，known as 'Wu-wei-zi' in Chinese, is derived from the dried fruit of 
Schisandra chinensis Baill (Magnoliaceae). FS has long been used in Chinese medicine as 
a tonic and sedative drug (Dictionary of Chinese Medicine, 1993-1998). FS exhibits a wide 
variety of pharmacological functions in human and animal models. The most promising 
biological activity of Schisandra fruit is its hepatoprotective effects. It shows strong 
antioxidant effect against carbon tetrachloride induced liver damage in rat (Ko et al, 
1995a; 1995b). Oral pre-treating rats with Schisandra extract inhibited carbon tetrachloride 
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induced lipid peroxidation, glutathione depletion and NADPH oxidation. The active 
components are isolated as Schisandrol A, Schisandrin B and gomisin (Hikino and Kiso, 
1988; Hancke et aL, 1999). Schisandrol A inhibited liver MDA formation in rat subjected 
to 50% ethanol induced hepatotoxicity (Lu and Liu, 1991). Schisandrin B enhances the 
activities of GR and GST in mice treated with carbon tetrachloride (Ip et aL, 1995). 
Although FS shows a wide range of pharmacological activities, it only serves as the 
'minister' in the WZ formula and enhances the effect of FL and SC. 
1.5.1.4 Fructus Rubi 
FR, known in Chinese as ‘Fu-pen-zi’，is derived from the fruit of Rubus chingii 
Hu (Rosaceae). It is traditionally used for treating and strengthening "kidney" (genital) 
disorders and functions (Dictionary of Chinese Medicine, 1993-1998). Treating rats with 
the aqueous extract of FR increases the level of LH-releasing hormone and testosterone, 
whereas the levels of luteinizing hormone, follicle stimulating hormone and estradiol are 
decreased (Chen et aL, 1996). It also displays inhibitory effect upon testosterone 5a-
reductase (Matsuda et al, 2001) and Hela-S3 cell proliferation (Takatsuki et al., 1996). FR 
is included in the WZ formula as the ‘minister�� to enhance the pharmacological effects of 
FL and FC. 
1.5.1.5 Semen Plantaginis 
SP, known as 'Che-qian-zi' in Chinese, is derived from the dried seeds of 
Plantago asiatica L. or P. depressa Wild. It produces a diuretic effect (Dictionary of 
Chinese Medicine, 1993-1998) and is used for treating diarrhea in other countries (WHO, 
1999). One of the constituents, geniposidic acid, has been shown to possess antioxidant 
2 2 
activity (Toda et aL, 1985), whereas plantagoside is a mannosidase inhibitor (Yamada et 
ai., 1989). The extract of SP shows hepatoprotective activity against carbon tetrachloride 
induced toxicity in mice (Yun and Chang, 1977) by decrasing serum ALT and AST level. 
The aqueous extract of SP has anti-oxidant activity in vitro (Yamamoto et aL, 1982) and 
polysaccharide fraction of it has anti-complement activity in human serum (Yamada et al.’ 
1985). SP serves as the "assistant and envoy" in the WZ formula. 
In general, all the five herbs possess hepatoprotective effect and pharmacological 
activities on genital function. Some of them protect liver against exogenous substance 
induced damage through their antioxidant activity. Combining them in a formula can thus 
enhance the hepatoprotective activity of each other. 
1.5.2 Effect of WZ on infertility 
The traditional WZ prescription is used for treating male sexual dysfunctions such 
as impotence, immature ejaculation and spermacrasia (Dictionary of Chinese Medicine, 
1993-1998; Chinese Pharmacopoeia, 2000). Modem pharmacological studies have shown 
that WZ formula is capable of stimulating spermatogenesis and modulating the level of 
testosterone, serotonin, dopamine and norepinephrine in rat model (Wang and Zie, 1993). 
Flavonoids extracted from the 'emperor' herb, SC, could increase luteinizing hormone and 
testosterone in a rat model (Qin et al, 2000). 
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1.5.3 Effect of WZ on liver disease 
In addition to the traditional use on treating genital disorder, recent studies also 
demonstrated the pharmacological effects of WZ formula on the liver. Li et al. (1994) 
showed that this formula protected rat against alcohol induced liver damage by reducing 
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lipid peroxidation. The symptoms of alcohol induced fatty liver and necrosis were damage 
also improved by WZ administration (Li et al, 1994). A preliminary clinical study also 
showed that the WZ formula improved the hepatotoxic conditions as shown by decreased 
serum ALT and AST level of 28 out of 30 alcohol-intoxicated patients after a 2-month 
treatment (Liang, personal communication). This formula also inhibits alcohol induced 
liver damage in rat model (Liang, personal communication). 
1.6 Objectives of the present study 
Previous studies have elucidated the beneficial effects of WZ on genital disorder 
and ALD in rat model (Liang, personal communication). Such pharmacological effect may 
be contributed by the antioxidant activity of this formula since antioxidants are known to 
have beneficial effect on alcohol intoxicated rats and primary rat hepatocyte. WZ is 
traditionally used for treating infertility, which is a general term describing the failure in 
reproducing the next generation. It can be a result of disrupted hormone homeostasis, low 
sperm quality or sexual organ malfunctioning. The emperor herb SC and minister herb FR 
improve infertility by modulating sexual hormone level. Although the remaining 
components have not been found to affect sex hormone homeostasis, they may affect 
genital functions by their antioxidant activity. FS, FL and SP have been reported to possess 
antioxidant activity. Thus they may be capable of attenuating oxidative damage in 
spermatozoa and genital organs. 
The primary objective of this study is to investigate the antioxidant activity of the 
extract from the WZ formula. The next step is to decoct the most active herbal component 
in the formula, hoping to develop a simplified active formula in the future. The antioxidant 
activities of each component are studied in order to screen for the most active component. 
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Understanding the biological activity of each component provides us information about the 
role they actually play in the formula and also the interaction among the components. 
In the present study, antioxidant activity of the formula and individual components 
will be screened by in vitro free radical generating systems (Chapter 2). The antioxidant 
activity will be further confirmed in living systems including primary rat hepatocyte 
culture (Chapter 3) and mouse model (Chapter 4). Finally, attempt will be made to 
characterize and isolate the active principle(s) of the extract (Chapter 5). 
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Chapter 2 Antioxidant Activity of Aqueous Extract of the 
Herbal Components of Wu-zi-yan-zong-wan in In 
vitro Free Radical Generating Systems 
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2.2 Materials and methods 
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2.2.2 Preparation of aqueous herbal extracts 
2.2.3 Superoxide-scavenging assay 
2.2.4 Microsomal lipid peroxidation inhibition assay 
2.2.5 2,2'-Azobis(2-amidinopropane) dihydrochloride-induced hemolysis 
inhibition assay 
2.2.6 Bleomycin-iron-dependent DNA damage inhibition assay 
2.2.7 Statistical analysis 
2.3 Results 
2.3.1 Extraction yield 
2.3.2' Free radical scavenging activity of WZ extract 
2.3.3 Free radical scavenging activity of FR extract 
2.3.4 Pro-oxidant activity of FR extract 




2.1.1 Application of in vitro ROS generating systems 
In vitro free radical generating systems provide rapid tools in screening the free 
radical scavenging activity of proposed compounds. Several types of free radical, including 
superoxide anion, hydroxyl radical, alkoxyl radical and peroxyl radical, can be generated 
via simple chemical reactions. Four free radical generating systems were used to evaluate 
the antioxidant capacity of the WZ and its individual herbal components. 
2.1.1.1 Superoxide generation 
Superoxide anion can be generated by the interaction between PMS and NADH 
under aerobic condition. After being reduced by NADH, PMS reacts with molecular 
oxygen to give superoxide (Reaction 2.1a and 2.1b). Nitro blue tetrazolium (NBT) is 
coupled into this reaction to quantify the amount of superoxide produced. NBT turns from 
yellow to purple in colour with characteristic absorption at a wavelength of 560nm 
(Reaction 21c). This assay is primarily used for estimating NADH content in biological 
systems (Bemofsky and Swan, 1973). This assay is exploited in testing the superoxide-
scavenging activity of different compounds and extract of natural products (Yan and Rong, 
1991; Liu and Ng，2000). Free radical scavengers and superoxide dismutase can inhibit the 
reaction between superoxide and NBT (Ponti et al, 1978). 
( 
NADH + H+ + PMS ~ ~ > NAD+ + P M S H 2 (Reaction 2.1a) 
P M S H 2 + 2 O 2 > 02" + 2H+ + PMS (Reaction 2.1b) 
NBT2 + 2Cr + 4 02' + 4 H + > diformazan + 4O2 + 2HC1 (Reaction 2.1c) 
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2.1.1.2 Hydroxyl radical generating system 
Hydroxyl radical is one of the final products of Fenton's reaction. The highly 
reactive hydroxyl radical can attack almost every kind of biomolecule. Such radical reacts 
with biological membrane and initiates lipid peroxidation (Morehouse et al,, 1983), which 
results in the formation of thiobarbituric acid reactive substance (TBARS) on MDA 
(Janero, 1990). Liver microsomal fraction is a good source of membrane lipids. On the 
other hand, cytosolic antioxidant enzymes are removed after centrifugation, thus lipid 
peroxidation chain reaction can be easily initiated. 
2.1.1.3 2,2'-Azobis(2-amidinopropane) dihydrochloride-induced hemolysis 
2,2‘-Azobis(2-amidinopropane) dihydrochloride (AAPH)�being an azo-compound, 
is a water-soluble radical initiator. It degrades in a temperature-dependent manner to form 
alkoxyl radical via unimolecular decomposition. The alkoxyl radical formed reacts with 
molecular oxygen to give peroxyl radical. It causes lipid peroxidation and protein damage 
in erythrocyte cell membrane and results in hemolysis (Sato et al,, 1995). Oxidative 
damage-induced hemolysis results in hemoglobin release into medium, which can be 
simply traced spectrophotometrically at optical density (OD) 550nm. Some common 
antioxidants such as a-tocopherol can inhibit hemolysis by scavenging peroxyl radical 
formed (Yamamoto et al” 1986). 
2.1.1.4 Bleomycin-iron-dependent DNA damage 
Bleomycin is a family of glycopeptidal antibiotics which differ only in their 
terminal functional groups. It was firstly isolated as a copper complex from culture 
medium of Streptomycin verticillus. This antibiotic also possesses anti-tumor activity by 
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mediating DNA damage. It binds DNA with its bithizole and terminal amine residues 
(Chien et al., 1977). Bleomycin binds Fe (II) ion to form a stable complex in the absence 
of molecular oxygen. However, in the presence of oxygen and a reducing agent like 
vitamin C, the bleomycin-Fe (II) complex can degrade DNA. The complex reacts with 
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H2O2 to give ferric-bleomycin peroxide (BLM-Fe^^-OiH"). This peroxide may further 
decompose to form O2 and OH" (Sugiura et al, 1982; Petering et al., 1990). The attack of 
bleomycin on DNA results in the formation of MDA (Haidle et al., 1972), which reacts 
with 2-thiobarbituric acid (TBA) to form a pink coloured adduct with a characteristic 
absorption at 532nin. 
The bleomycin-iron-dependent DNA damage has been used as a method for 
investigating the antioxidant (Aruoma et al., 1988) and pro-oxidant (Gutteridge and Fu, 
1981) activity of compounds. Such system is also described by Gutteridge et al. (1981) in 
measuring iron ions in biological systems. 
2.1.2 Objective 
Antioxidant activity of the herbal components in the WZ formula will first be tested 
for their abilities in scavenging free radicals in vitro. Different concentrations of the 
aqueous extracts will be included in the assay systems, in which simple colour change can 
be observed in response to free radical generation. 
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2.2 Materials and methods 
2.2.1 Materials 
The dried herbs were purchased from a local vendor and their taxonomic identities 
were established by using pharmacopoeia standards. Male Balb/c mice (20-25g) and male 
Sprague-Dawley rats (200-250g) were obtained from Laboratory Animal Service Center 
(LASEC) of The Chinese University of Hong Kong. They were housed at 12hr dark/light 
cycle and fed with standard rodent chows and tap water ad libitum. AAPH, PMS, NADH, 
NBT，TBA，bleomycin sulfate and ascorbic acid were purchased from Sigma. All other 
chemicals were of the highest grade available. 
2.2.2 Preparation of aqueous herbal extracts 
Washed herbs were ground into fine powder by blender and boiled with double 
distilled water at lOml/g for 3hr under reflux. The resulting solution was filtered to remove 
debris and dried by freeze-drying. For the aqueous extract of WZ, the herbal powders were 
first mixed according to the proportion indicated in Section 1.6 prior to boiling. The dried 
extracts were reconstituted in double distilled water for subsequent experiments. 
2.2.3 Superoxide-scavenging assay 
Superoxide radicals were generated by the PMS/NADH system under aerobic 
condition. In 1.2ml of 20mM Tris-HCl buffer (pH8.0)，lOpM PMS, 50nM NBT and 78|aM 
NADH were added sequentially. The colour reaction between superoxide and NBT was 
detected at OD560nm after 7min of incubation at room temperature. Different 
concentrations of herbal extracts were added to the system, while the tube without sample 
was taken as control (0% inhibition). Tests performed in the absence of NADH were used 
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to deduct absorbance reading contributed by the colour of samples. The percentage of 
inhibition of superoxide generation was calculated from the following formula: 
% Inhibition = [(OD560 control - OD560 sample)丨 OD560 control] X 100 
2.2.4 Microsome lipid peroxidation inhibition assay 
Microsomal fraction was prepared from Balb/c mouse liver. They were sacrificed 
by decapitation, and liver tissues were immediately excised. After washing with 0.9% 
saline, the liver tissues were homogenized in ice-cool 1.15% potassium chloride (3ml/g) by 
Teflon-glass homogenizer on ice. The homogenate was centrifiiged at 10,000g，4°C for 
20min and the resulting supernatant was further centrifuged at 100，000g, 4°C, for 60min. 
The resultant pellet was resuspended in 1.15% potassium chloride. Protein content was 
determined by Bradford's protein assay using BSA as standard. 
A reaction mixture (1ml) containing microsomal fraction (0.4mg protein), lOjiM 
ferrous sulfate and lOOjiM L-ascorbic acid in phosphate buffered saline (PBS) (120mM 
sodium chloride, 2.7mM potassium chloride and lOmM potassium phosphate, pH 7.4) was 
incubated, in the presence or absence of herbal extracts, at 37°C for Ihr to generate 
hydroxyl radical. The reaction was terminated by adding 1ml 20% trichloroacetic acid 
(TCA) and 1.5ml 0.8% (w/v) TBA in succession, followed by heating at 100°C for 20min. 
After centrifugation, OD532iim of the supernatant was determined for the formation of 
MDA-TBA complex. The absorbance of the reaction mixture at 532nm was deducted from 
corresponding blanks for each drug concentration. The percentage of inhibition of lipid 
peroxidation was calculated from the following formula: 
% Inhibition = [(OD532 control - OD532 sample) / OD532 control] X 100 
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2.2.5 2,2'-Azobis(2-amidinopropane) dihydrochloride (AAPH)-induce(i hemolysis 
Blood of rat was obtained by cardiac puncture under anesthetics and collected in 
heparinized tube. Erythrocytes were isolated from plasma by centrifugation and washed 
twice with 10 volumes of PBS. All centrifugation procedures were performed at l,500g, 
lOmin, 4°C. Erythrocytes were resuspended with PBS to obtain a 10% suspension. Two 
hundred of erythrocyte suspension was added to equal volume of 200mM AAPH in PBS 
containing different concentrations of test samples. The mixture was incubated at 37°C for 
2hr with gentle shaking. The reaction mixture was then divided into two 200|il aliquots, 
into which 1.3ml PBS was added. Distilled water was added to the remaining one to 
achieve complete hemolysis. OD540nm of the supernatant obtained after centrifugation 
was determined. Tests performed in the absence of erythrocytes were used to deduct the 
absorbance contributed by the colour of the drug extract. Percentage inhibition of 
hemolysis was calculated from following equation: 
% Inhibition = (1-OD540 pbs/ OD540 water) x 100 
2.2.6 Bleomycin-iron-dependent DNA damage assay 
The reaction mixture (1ml) containing 0.5mg calf thymus DNA, 0.05mg bleomycin 
sulfate, 5mM MgCh, 50|iM FeCls and increasing concentrations of test samples in 15mM 
KPi, pH 7.0 was incubated at 37°C for Ihr with shaking. L-Ascorbic acid at 200^M was « 
included for free radical scavenging activity test but omitted in pro-oxidant activity assay. 
Reaction was terminated by adding 100|li1 O.IM EDTA. Amount of MDA produced was 
determined by adding 1ml each of 25% HCl and 1% TBA (w/v), followed by heating at 
100°C for 15min. After centrifugation at 500g for Imin, OD532nm of supernatant was 
measured. Reaction performed in the absence of test sample was taken as control (0% 
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inhibition). Tests performed in the absence of ascorbic acid were used to deduct the 
absorbance contributed by the colour of extracts. Percentage of inhibition on DNA damage 
was calculated from the following equation: 
o/o Inhibition = ( O D 5 3 2 control 一 O D 5 3 2 sample) / O D 5 3 2 control X 1 0 0 
2.2.7 Statistical analysis 
Results were expressed as mean 土 SD (n=4) and significant difference was taken as 
p<0.05 when compared with the corresponding control as analyzed by Student's r-test. 
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2.3 Results 
2.3.1 Extraction yield 
The extraction efficiencies of each herbal component were shown in Table 2.1. The 
powder of FL gave the highest amount of aqueous extract with an extraction yield of 
58.7%. The SP powder gave the least weight of dried extract with 10.3% yield in terms of 
weight. The ratio and percentage of the extracts of individual herb were estimated from the 
following equation: 
Ratio = [(% Yield x Ratio in the formula) /100] x 5 
The extract prepared from mixed powders contained 61.5% of extract from FL. The 
proportion of the remaining extracts arranged in descending order as FR, SC, FS and SP. 
The extracts of them made up 17.9%, 12.8%, 5.1% and 2.6% of the total weight, 
respectively. 
2.3.2 Free radical scavenging activity of WZ extract 
The aqueous extract of WZ scavenged 19.7% and 67.6%, respectively, of the 
superoxide generated when 62.5^ig/ml and 500|^g/ml of extract were included in the assay 
system (Table 2.2). The I C 5 0 value of the extract in this assay is 1 8 l u g / m l Adding 
500|ig/ml extract to microsomal fraction inhibited hydroxyl radical-induced lipid 
peroxidation by 25.8%, but IC50 value could not be determined in the dose range used. The 
extract did not inhibit bleomycin-iron-dependent DNA damage but appeared to enhance 
bleomycin-iron-dependent DNA damage. For the hemolysis inhibition assay, aqueous 
extract of WZ showed 47.1% of inhibitory effect when 500|ag/ml of extract was added. 
IC50 value was found to be about 500jj.g/ml. 
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Table 2.1. Extraction yield of the aqueous extracts of WZ formula and each herbal 
component. 
c �, 0/ v-^M Ratio in the Estimated ratio in % in the extract of 
Sample % Yield 皿ula the extract of WZ WZ 
WZ 29.3 — — — 
SC 13.1 8 5 12.8 
FL 58.7 8 24 61.5 
FS 38.9 1 2 5.1 
FR 33.8 4 7 17.9 
SP 10.3 2 1 2.6 
The herbs were ground into fine powder in order to enhance extraction efficiency. The 
powders were boiled in distilled water under reflux at 10ml water per gram of powder for 
3hr. The resulting solutions were filtered and freeze-dried. The powders obtained were 
used for subsequent experiments. Percentage yield was estimated by determining the ratio 
of amount of dry powder obtained to that of the herbal powder used. Their proportions in 
the WZ extract were estimated according to their ratio in the formula and extraction 
efficiencies. 
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Table 2.2. Free radical scavenging activity of the aqueous extract from the WZ herbal 
formula. 
% Inhibition 
IC50 , l^g/ml 
[WZ], i^g/ml 500 62.5 7.8 
二 : = 67.6 土 1.8** 19.7 ±0.7* 12.0 土 1.0 181 
二 ， i d 25.8 士 1.3** 3.7 士 0.7 -2.4 ±1.9 >500 
Bleomycin-iron-
dependent DNA -82.5 ±5 .2 -11.2 ±0 .6 -1.7 ±0 .1 n.d.' 
damage 
AAPH-induced … ， ， … ，， 一 … 一 ，八八 
hemolysis 47.1 ±4.1** 6.1 ±2 .2 -0.6 土 2.9 >500 
The aqueous extract of WZ was added to different in vitro free radical generating systems 
as described in Sections 2.2.3 to 2.2.6. Results were expressed as mean 土 SD (n=4). 
Statistical significance was taken as *p<0.05 or **p<0.01 when compared with 
corresponding control experiment in the absence of extract, 
a not determined. 
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2.3.3 Free radical scavenging activity of FR extract 
The antioxidant activities of the five herbal extracts were tested The aqueous 
extract of FR showed the most potent free radical scavenging activity among the five 
extracts. Hence, the free radical scavenging activity of FR aqueous extract will be 
discussed in more detail in the following sections. 
2.3.3.1 Superoxide-scavenging activity 
FR extract did not react with NADH or reduce oxidized NBT itself (data not 
shown). FR extract possessed superoxide-scavenging activity in a dose-dependent manner 
(Figure 2.1). It scavenged 90% of the superoxide generated when 125|ag/ml of extract was 
included in the system, whereas no significant scavenging activity was observed at doses 
lower than 2^g/ml. The IC50 of the extract in this assay is 8.7|^g/ml. 
2.3.3.2 Effect on hydroxyl radical induced-lipid peroxidation 
Aqueous extract of FR inhibited MDA production induced by hydroxyl radical 
(Figure 2.2) in a dose-dependent manner, with doses ranging from 4 to 32}ig/mL The IC50 
value of the extract in this assay is 12.5|ig/mL The extract of FR itself did not induce any 
lipid peroxidation when ascorbic acid was omitted in the assay system (data not shown). 
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Figure 2.1. Superoxide-scavenging activity of increasing concentrations of FR extract in 
PMS/NADH system. The superoxide-scavenging activity of FR extract was tested for its 
ability in inhibiting NBT reduction. The extract of FR was added to a system containing 
10|iM PMS, 78|iM NADH and 50|iM NBT. Change in OD560nm was determined after 
7min of incubation. Results were expressed as mean 土 SD (n=4). Statistical significance 
was taken as *p<0.05 and **p<p.01 when compared with control experiments performed 
in the absence of extract. 
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Figure 2.2. Effect of increasing concentrations of FR extract on hydroxyl radicals-induced 
lipid peroxidation in microsomal fraction. FR extract was added to a reaction mixture 
containing microsomal fraction (0.4mg/ml protein), 10|dM ferrous sulfate and 100|iM L-
ascorbic acid in PBS. The mixture was incubated at 37°C for Ihr to generate hydroxyl 
radicals. The reaction was terminated by adding 1ml 20% TCA and 1.5ml 0.8% (w/v) TBA 
in succession, followed by heating at 100°C for 20min. OD532nm of the reaction mixture 
was determined for the formation of MDA-TBA complex. Values were expressed as mean 
土 SD (n=4). Statistical significance was taken as *p<0.05 or **p<0.01 when compared 
with control experiments performed in the absence of extract. 
t 
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2.3.3.3 Effect on AAPH-induced hemolysis 
Aqueous extract of FR showed alkoxyl radical-scavenging activity in a dose-
dependent manner (Figure 2.3). Significant inhibitory effect was observed when 4|ig/ml of 
extract was used, whereas over 90% inhibition was found at doses higher than 125|ig/ml. 
Adding 63)ag/ml of extract to the assay system inhibited 50% of AAPH-induced 
hemolysis. The extract of FR did not cause any hemolysis itself in the absence of AAPH 
(data not shown). 
2.3.3.4 Effect on bleomycin-iron-dependent DNA damage 
Similar results were obtained for extract of FR on scavenging peroxyl radicals. It 
scavenged peroxyl radical in a dose-dependent manner with IC50 of 12ng/ml (Figure 2 . 4 ) . 
Significant inhibitory activity was observed at doses higher than 2|ig/mL 
2.3.4 Pro-oxidant activity of FR extract 
Table 2.3 illustrated the pro-oxidant activity of vitamin C and aqueous extract of 
FR. In the assay system containing 62.5|ig/ml ascorbic acid only, significant pro-oxidant 
activity was observed as shown by the high amount of MDA formed. Maximum pro-
oxidant effect was recorded when 500|ig/ml of vitamin C was used. The aqueous extract of 
FR，even at a dose of 1000|j,g/ml, had no significant pro-oxidant activity as shown by the 
low MDA formation in the reaction mixture. 
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Figure 2.3. Effect of increasing concentrations of FR extract on AAPH-induced rat 
erythrocyte hemolysis. Rat erythrocytes were incubated with lOOmM AAPH for 2hr at 
37°C. Degree of hemolysis was determined by calculating the ratio of hemoglobin released 
to total hemoglobin content. Results were expressed as mean 士 SD (n=4). Statistical 
significance was taken as *p<0.05 or **p<0.01 when compared with control experiments 
performed in the absence of the extract. 
4 1 
120 -1 
* * • * * * 
100 - 4 ~ • ^ 
80 - J 
c * 7 
i 6 � - / 
* * / 
20 - i 
0 - > 
-20 -J , , , 
0.1 1 10 100 1000 
[FR], i^g/ml 
Figure 2.4. Effect of increasing concentrations of FR aqueous extract on bleomycin-iron-
dependent DNA damage. Increasing concentrations of FR extract were included in a 
reaction mixture containing 50|ig/ml bleomycin sulfate, 50|^M Fe^ "^  ions and 200)iM 
ascorbic acid. After incubation for Ihr at 37°C, the amount of DNA damaged was 
estimated by determining the amount of MDA formed. TBA reagent was added and heated 
at 100°C for 15min. Amount of MDA-TBA adduct formed was measured by determining 
OD532nm of the reaction mixture. Results were expressed as mean 土 SD (n=4). Statistical 
significance was taken as **p<0.01 when compared with control experiments performed in 
the absence of extract. 
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Table 2.3. Pro-oxidant activity of FR extract assayed by the bleomycin-iron-dependent 
DNA damage assay. 
Sample,昭/ml OD532nm 
Ascorbic acid 
500 2.685 ±0.036 
125 2.194 ±0.013 
62.5 1.722 ±0.034 
FR extract 
1000 0.013 土 0.005** 
500 0.007 ±0.001** 
250 0.005 ±0.002** 
125 0.0 ±0** 
62.5 0.010 ±0.001** 
FR extract was added to the system same as bleomycin-iron-dependent DNA damage 
without ascorbic acid. Degree of DNA damage was quantified by determining amount of 
MDA formed with TBA. Results were expressed as mean 土 SD (n=4). Statistical 
significance was taken as ** p<0.01 when compared with experiment performed with 
62.5|Lig/ml (300|aM) ascorbic acid. 
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2.3.5 Free radical scavenging activity of the remaining herbal extracts 
The free radical scavenging activities of the aqueous extracts from the remaining 
four component herbs in the WZ formula were summarized in Table 2.4. The same dose 
range (l|ig/ml to 500|ag/ml) was applied so comparison could be made with that of FR 
extract. Both of the aqueous extracts of FL and SC showed weak free radical scavenging 
activity against the four types of radicals tested. Less than 50% inhibition was observed in 
all assays even at the highest dose (500|^g/ml) used in the present study. The extract from 
SP scavenged superoxide and hydroxyl radicals in a dose-dependent manner, with IC50 
values of 65|Lig/ml and 35)^g/ml, respectively. The aqueous extract of FS only showed 
superoxide-scavenging activity dose-dependently with IC50 of 167}ig/ml. It showed a low 
degree of scavenging activity in the remaining assays as less than 50% inhibition was 
observed at the dose range used in the present study. 
4 4 
Table 2.4. Summary of the IC50 values of aqueous extracts from each herbal component in 
scavenging different types of free radicals. 
Microsomal AAPH- Bleomycin-
IC50， |Lig/ml Superoxide lipid induced iron-dependent 
peroxidation Hemolysis DNA damage 
FR 8.7 12.5 63.0 12.0 
SC >500 >500 >500 >500 
FL >500 >500 >500 >500 
FS 167 >500 >500 >500 
SP 65.0 35.0 >500 >500 
IC50 value was obtained from the dose-dependent studies of each extract in in vitro free 
generating systems. The dose range used in all the studies was l|ag/ml to SOO^ig/ml. '>500' 




The therapeutic effect of WZ was though to be related to its antioxidant activity. 
However, the aqueous extract of WZ was only effective in scavenging superoxide and 
exerted pro-oxidant activity. In the light of the theories of Chinese medicine, using 
individual herbal components in a formula alone may yield different therapeutic effect. In 
the present study, free radical scavenging activity was observed in the aqueous extract of 
FS, SP and FR, with FR showing the most potent activity among them. 
FR only serves as the minister in the formula (Dictionary of Chinese Medicine, 
1993-1998)，thus it dose not contribute to the main pharmacological activity of WZ. Its 
antioxidant activity may enhance the activity of SC and FL. SC exerts its effect through 
affecting sex hormone homeostasis only. FR might, in addition to influencing sex hormone 
levels (Chen et al., 1996), improve genital malftmctioning by enhancing antioxidant 
capacity of the genital system. The antioxidant activity of FR was not obvious in WZ, 
which may be due to the low proportion of FR extract in the formula, although it is a 
potent antioxidant. When the herbs were used together, the effect of SC and FL may 
override the antioxidant activity of FR. Moreover, the extraction yield and biological 
activity of FR may be altered due to the presence of the others. Some of the extract might 
exert pro-oxidant activity as the WZ extract showed some degree of pro-oxidant activity in 
the bleomycin-iron-dependent DNA damage assay. This pro-oxidant activity thus nullified 
the beneficial effect of FR. The result indicates that using herbal medicine separately or in 
a mixed formula might give varied biological effect. 
The inhibitory action of FR extract in different free radical generating systems 
might be medicated by antioxidant mechanisms other than free radical scavenging. Several 
ion chelators, such as deferoxamine, inhibit lipid peroxidation by chelating transition metal 
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ions (Hershko, 1994). It is possible that extract of FR inhibited lipid peroxidation or 
bleomycin-induced DNA damage by chelating iron ion. Nevertheless, FR extract 
scavenged superoxide anion in the PMS/NADH/NBT system in which no metal ion was 
involved. FR extract inhibited NBT colour change by scavenging superoxide generated 
rather than reducing oxidized NBT, since delayed addition of the extract to the system did 
not affect colour change of NBT. Thus, FR should inhibit lipid peroxidation, DNA damage 
and hemolysis by scavenging hydroxyl, peroxyl and alkoxyl radicals generated in the 
systems. It is possible that both ion chelators and free radical scavengers are present in the 
extract. 
It has been reported that hydrophilic antioxidants, such as ascorbic acid, are less 
effective in suppressing azo-compound-induced hemolysis than the lipophilic antioxidant 
a-tocopherol (Niki et al, 1991). The FR extract, being an aqueous antioxidant, effectively 
suppressed AAPH-induced hemolysis with potency higher than those of some aqueous 
herbal extracts, such as Prunella vulgaris, reported using the same assay system (Liu and 
Ng, 1999). The active principle might have both lipophilic and hydrophilic properties so 
that above 90% inhibition was observed. 
Free radical scavenging activity is a structure-related phenomenon, thus scavengers 
often show their activity towards a specific type of radical only. Extract of FR was 
effective in scavenging both oxygen containing radicals and carbon-centered radicals, with 
I C 5 0 values ranging from 8.7)ig/ml to 63.0}a,g/ml. The active component may contain 
multiple free radical scavenging functional groups including phenolic hydroxyl group, 
which is effective in scavenging superoxide. It could be observed that extract of FR was 
more effective in scavenging oxygen-containing radicals, in that �10|^g/ml of FR extract 
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could scavenge 50% of superoxide, hydroxyl and peroxyl radicals, but a six fold higher 
concentration was required for producing similar effect in scavenging alkoxyl radicals. 
Certain free radical scavengers, such as vitamin C, are double-edged blades. They 
inhibit oxidative damage when present at low concentrations. However, vitamin C 
undergoes antioxidation to produce H2O2 at high concentrations, and hydroxyl radicals will 
be generated if transition metal ion is present (Halliwell, 1996). Vitamin C at concentration 
of 62.5|ig/ml (300)iM) exerted strong pro-oxidant activity in the bleomycin-iron-dependent 
DNA damage assay. The aqueous extract of FR, even at a dose as high as lOOO^g/ml, 
however, showed no significant pro-oxidant activity. This concentration was several orders 
of magnitude higher the I C 5 0 value in inhibiting bleomycin-induced DNA damage and also 
other systems. 
In food industry, manufacturers try to lengthen the shelf life of food products by 
adding antioxidants into their products. These antioxidants inhibit lipid peroxidation in 
lipid containing foods and prevent decomposition. Butylated hydroxytoluene (BHT) and 
butylated hydroxyanisole (BHA) are commonly used in food industry for this purpose. 
However, they possess pro-oxidant activity and are hazards to the health of consumers. 
Some other phenolic antioxidants used in food industry can stimulate free radical damage 
to non-lipid components such as DNA, proteins and carbohydrates in vitro (Laughton et 
al, 1989; Aruoma et al,, 1990). 
The aqueous extract prepared from the remaining four herbs showed for less 
effective free radical scavenging activity in the various assay systems in this study. The 
results obtained appeared to contradict those in the literatures. The antioxidant activity of 
FS is well documented. Lignans isolated from FS show effective inhibitory effect on 
carbon tetrachloride-induced liver damage (Ip and Ko, 1996; Ip et aL, 1995; 1996; 1998; 
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2000b). However, the aqueous extract from FS showed only limited free scavenging 
activity in this study. This may be due to that the lignan fraction of FS may not be 
extracted by aqueous extraction. Furthermore, schisandrin B inhibits carbon tetrachloride 
toxicity by modulating microsomal CYP450 enzyme activity and enhances cellular 
glutathione redox status (Ip et al, 1995). The aqueous extract of FS has been demonstrated 
to scavenge hydroxyl radical in vitro (Ohsugi et al, 1999). The extract of FL was 
demonstrated to inhibit lipid peroxidation in erythrocytes (Ren et al, 1995) but such 
antioxidant activity was not observed in this study. The discrepancies might be due to 
different extraction methods and free radical generating systems used. In addition to FS, 
the extract of SP has been reported to protect against carbon tetrachloride-induced 
hepatoxicity (Yun and Chang, 1977) but free radical scavenging activity of SP has not 
been discussed in detail (Yamamoto et al., 1982). 
Taking the results in the four free radical scavenging assays together, the aqueous 
extract of FR showed the most potent free radical scavenging activity among the herbal 
extracts used. In addition, it did not have any pro-oxidant activity at the doses which 
scavenged free radicals effectively. Hence, the active principles in FR have the potential of 
being developed into a dietary supplement or preservative in food. Nevertheless, whether 
the herb could be safely used as antioxidant is still unknown. The potential for clinical 
application is determined by its bioavailability and the presence or absence of toxic side 
effects. It is worthy to further study the antioxidant activity of FR in other systems and 
isolate the active principle. The antioxidant activity and cytotoxicity of the aqueous extract 
of FR is therefore further investigated in cellular system. 
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The search for molecular antioxidants interests many research groups in the recent 
decades. Numerous compounds, either isolated from natural products or synthetic, show 
free radical scavenging activity in in vitro systems. For example, thiourea is an effective 
hydroxyl radical scavenger (Grzelinska et al., 1982) but it is toxic and carcinogenic 
(Aubrecht et al., 1995; Brennan and Schiestl 1998). The commonly used synthetic 
antioxidants, BHT and BHA，also have pro-oxidant activity. Such toxicity limits their use 
in food industry and medicine. The FR extract exerted effective free radical scavenging 
activity in vitro, and did not possess any pro-oxidant activity at doses several orders of 
magnitude higher than the I C 5 0 values. The antioxidant activity of the FR extract will be 
studied using cell culture system, which is more relevant to the whole body condition in 
terms of bioavailability and toxicity. 
3.1.1 Primary rat hepatocytes as a pharmacological model 
Isolated rat hepatocyte culture is widely used as a model in toxicological and 
pharmacological studies. Primary rat hepatocyte culture retains many physiological 
characteristics of an intact liver such as a relatively high level of CYP450 content. The 
antioxidant status of isolated hepatocyte is similar to that of intact liver (Richert et al, 
2002). Hepatocytes can be readily isolated and simple culturing condition is sufficient to 
support normal cell metabolism. Rodent hepatocyte culture, in addition to animal models, 
has been used for investigating liver regeneration, proliferation and differentiation (Leffert 
et ai, 1978) in the past 20 years. The monolayer hepatocyte culture provides a simplified 
system for studying xenobiotic metabolism, hormonal action, and bile secretion (Boyer et 
cd., 1988). The culturing conditions of hepatocytes are well defined when compared with 
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that in animal studies. Hepatocytes isolated by two-stage collagenase liver perfusion retain 
high cell viability and the ability in expressing many liver-specific genes. The 
determination of cellular response is easier whereas any change in the composition of 
culturing medium can be readily measured. In addition, the interference of other organs or 
cell types can be eliminated in such 'one cell-type' system. 
3.1.2 tert-B\ity\ hydroperoxide as oxidative stress inducer 
tert'^vXyX hydroperoxide (1,1 -dimethylethylhydroperoxide; tBHP) is an organic 
peroxide used for catalyzing polymerization reactions in industries. It introduces peroxy 
groups into molecule and produces free radical in radical substitution of nitriles (Kharasch 
and Sosnovsky, 1958). These reactions are catalyzed by transition metal ion. tBHP reacts 
with transition metal ions, such as copper (II) ion, to give tert-butoxy\ radical This radical 
attacks other molecules with subsequent self-reduction to form tert-butyl alcohol (tBAL). 
In addition to industrial applications, tBHP is also commonly used as an oxidative 
stress inducer in toxicological and pharmacological experiments. tBHP can be metabolized 
by erythrocyte and hepatocyte. It is converted to tBAL by GPx with the consumption of 
GSH in isolated rat hepatocyte (Sies and Summer, 1975). Metabolism of tBHP thus leads 
to rapid depletion of intracellular GSH pool. Previous studies have found that exposure of 
rat hepatocytes to tBHP results in lipid peroxidation (Rush et al., 1985; Masaki et al., 
1989)，GSH oxidation, mitochondrial damage (Masaki et al, 1989; Nieminen et al., 1997)， 
disruption of Ca^^ homeostasis (Bellomo et cd., 1984; Shertzer et al, 1994) and inhibition 
of protein synthesis (Fraga et al, 1989). tBHP is also metabolized by the microsomal 
CYP450-dependent system to form free radical intermediates (Minotti et al, 1985). It 
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reacts with mitochondrial cytochrome c and cl as well, which results in the generation of 
methyl, r^rZ-butoxyl and /err-butylperoxyl radicals (Davies, 1989; Kennedy et al., 1992). 
The model of inducing oxidative stress in hepatocytes with tBHP is commonly used 
in investigating the antioxidant activity of various compounds or herbal extracts (Gebhardt, 
1997; Tseng, 1997; Dubuisson et al.，2000; Wang et al, 2000; Kmonickova et al., 2001). 
Antioxidant compounds such as vitamin E protect isolated hepatocytes against tBHP-
induced oxidative damage. Since FR extract scavenged free radical, it may also be capable 
of protecting hepatocytes against tBHP-induced cell damage. On the other hand, 
compounds that can alter intracellular antioxidant enzyme activity and expression can also 
be considered as an antioxidant. They may not scavenge free radical directly with their 
functional groups. Such effect cannot be observed by testing the antioxidant activity of 
compounds using in vitro free radical generating system only. The aqueous extract from 
FR and the other herbal components in WZ may exert antioxidant activity by modulating 
the endogenous antioxidant status of cell. Thus, it is necessary to further study the 
antioxidant activity of the extract from WZ and individual herbal components in cellular 
systems. 
3.1.3 Detection of ROS 
Free radicals generated within cells could be indirectly detected by using 
fluorescent probes. Using fluorescent dyes to trace intracellular ROS generation and 
metabolism have several advantages over other approaches. In the electron spin resonance 
method, it is hard to obtain a clear signal and complicated systems are involved. The use of 
tissue or cell homogenates may also result in artifacts. The re-distribution of ROS in the 
homogenate makes localization of ROS generation impossible. Staining ROS with 
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fluorescent dyes provides a sensitive, non-destructive and non-invasive method in tracing 
ROS generation in situ. 2',7'-Dichlorofluorescin diacetate (DCFDA) is one of the 
commonly used ROS indicators. It readily penetrates into cells passively and is 
deacetylated by intracellular esterase to give non-fluorescent 2，,7，-dichlorofluorescin 
(DCF). Upon oxidization by ROS, it becomes fluorescent after being excited at the 
wavelength 485nm. The emission intensity at 530nm is proportional to ROS generated. 
3.1.4 Objective 
The free radical scavenging activity of FR extract in various in vitro systems was 
discussed in Chapter 2. Such extract was effective in scavenging different types of free 
radical. Nevertheless, its applicability in living systems is governed by its cytotoxicity and 
bioavailability. Hence, it is necessary to test the antioxidant activity of FR extract in living 
systems. In the following studies, cytotoxicity of the FR extracts will be studied in primary 
rat hepatocyte culture. Afterwards, its effect on tBHP-induced oxidative stress (Glascott et 
al； 1992) will be studied. The antioxidant activity of the remaining extracts will also be 
studied to see whether there is any additional effect when they are used in cellular system. 
Several oxidative stress related parameters, namely GSH, GSSG, MDA and antioxidant 
enzymes, will be examined. Fluorescent dye will be used to stain free radicals generated in 
hepatocytes, so as to verify the free radical scavenging activity of the extracts in cells. 
« 
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3.2 Materials and methods 
3.2.1 Materials 
Swim's S77 medium, William's medium E, Hank's balanced salt solution (HBSS), 
sodium phosphate, calcium chloride, EGTA, 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB), 
TBA，dexamethasone, insulin, pyruvate, NADH, MTT, SDS，GSH, type I collagen, type 
IV collagenase, Folin-Ciocalteu's phenol reagent and pentobarbital were purchased from 
Sigma. DCFDA was obtained from Molecular Probe Inc. All other cell culture materials 
were purchased from Gibco BRL. Hydrochloric acid and TCA were of the highest grade 
from Merck. All apparatuses and solutions for cell culture were sterilized by high 
temperature and filtration, respectively. Male Sprague-Dawley rats weighing 200-250g 
were used as hepatocyte donors. Rats obtained from LASEC of our university were kept in 
12 hr dark/light cycle and fed with standard chow and tap water ad libitum. 
3.2.2 Primary rat hepatocyte isolation 
3.2.2.1 Liver perfusion 
Swim's S77 medium was used for liver perfusion. The medium was prepared 
according to the instructions indicated in product menu and supplemented with 0.3|jM 
insulin and Img/ml of BSA. This stock solution was further supplemented with 0.5mM 
EGTA for first-stage perfusion solution, while 9mM calcium chloride and 0.4mg/ml type 
IV collagenase were added to second-stage perfusion solution. All the perfusion solutions 
were pre-warmed to 3 7 � C and gassed with 95% O2，5% CO2 before liver perfusion. 
Rats were anesthetized by intraperitoneal injection of pentobarbital (60mg/ml, 
1 ml/kg) and dissected immediately. Hepatocytes were isolated by two-stage collagenase 
perfusion as described by Seglen (1976). The liver was perfused with first stage perfusion 
solution for lOmin at 20ml/min followed by another lOmin with second stage solution at 
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lOml/min via the hepatic portal vein. The liver was then excised and hepatocytes were 
released into William's medium E containing 0.4mg/ml type IV collagenase and further 
incubated at 37°C for lOmin with gentle shaking. Dead cells and debris were removed by 
Percoll centrifugation, which routinely yield a cell preparation with viability higher than 
90%, and only such preparation will be used for subsequent experiments. 
3.2.2.2 Collagen pre-coated culture plates preparation 
A lOx stock type VII collagen (from rat tail) was prepared in 5% acetic acid (in 
water; v/v) at 2mg/ml. Collagen stock was diluted to 0.2mg/ml with sterilized distilled 
water and added to culture plates according to the following table: 
Collagen, |j,l/well 
6-well culture plate 400 
24-well culture plate 100 
96-well culture plate 25 
100mm dish ^  
The plates were then allowed to dry at 40°C overnight or at room temperature for 48hr. 
The wells were washed with serum free William's medium E to remove any acetic acid 
present prior to cell seeding. 
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3.2.2.3 Hepatocyte culture 
Hepatocytes were seeded onto culture plates pre-coated with type I collagen at 
either 2x10^ cell/well or 1x10^ cell/well for 24-well and 6-well plates, respectively. For 
some experiments, hepatocytes were seeded onto 90mm dishes at 1x10^ cell/dish. Cells 
were cultured in William's medium E supplement with 0.3|iM insulin, 0.1 ^iM 
dexamethasone, 10% FBS and 1% penicillin/streptomycin at 37°C, 90% humidity and 95% 
O2. All experiments were performed at 24hr after cell attachment to allow cell monolayer 
formation. 
3.2.3 Drug treatment and oxidative stress induction 
The extracts were prepared in William's medium E and sterilized by filtering 
through filter of 0.2|im pore size. Except otherwise indicated, hepatocytes were pretreated 
with various concentrations of FR extract for 24hr prior to oxidative stress. Hepatocytes 
were washed with HBSS to remove unabsorbed drug. Afterwards, cells were cultured with 
William's medium E containing 500iaM tBHP for 3hr to induce oxidative stress. For some 
experiments, hepatocytes were treated with FR extract and tBHP simultaneously. Cells of 
control group were treated with neither tBHP nor extract of FR. 
3.2.4 Cytotoxicity assessment 
I 
Hepatocytes were seeded onto 24-well plate for cytotoxicity experiment. 
Hepatocytes were treated with different concentrations of extracts for 24hr prior to tBHP 
treatment as mentioned in Section 3.2.6. 
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3.2.4.1 LDH leakage measurement 
An 100|al aliquot of culture medium was added to 900|j,l of reaction mixture 
containing O.IM sodium phosphate, ImM pyruvate and ISOfiM NADH at pH8.0. The 
change in OD340nm was traced at 25°C for Imin. One unit of LDH activity is the enzyme 
activity that can catalyze the oxidation of Ifimole NADH per minute at 25°C. The 
absorption coefficient of NADH is 6.22mM"^cm''. LDH activity was calculated from the 
following equation: 
LDH activity, U/1 = AOD340/min x 1000 
6 .22x0.1 
3.2.4.2 MTT assay 
MTT stock of 5mg/ml was prepared in PBS and filtered through a 0.2|im filter to 
remove undissolved MTT powder. The MTT stock solution was diluted to 0.5mg/ml with 
serum free RPMI 1640 medium. After FR extract and/or tBHP treatment, hepatocytes were 
washed with PBS twice and 400|il of diluted MTT solution was added to each well. The 
formazan crystals formed in active metabolic cells were extracted with 400^1 10% SDS in 
lOmM HCl after 2hr of incubation at 37�C. For blank, SDS solution was added prior to 
MTT solution. OD540nm of the resulting solution was determined by spectrophotometer. 
Cell viability was calculated as follow: 
% Viability = [ ( O D 5 4 0 treated group - b l a n k ) / ( O D 5 4 0 control - blank)] x 1 0 0 
3.2.5 Cellular GSH content determination 
Cellular GSH content was determined by the DTNB spectrophotometeric method 
(Brehe and Burch, 1976). Hepatocytes seeded onto 6 well plates were washed with HBSS 
and trypsinized. Cells were then sonicated in SOO i^l PBS for 10s on ice. Four hundred |il of 
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lysate was deproteinized by adding lOO i^l 25% TCA and centrifuged under 3，000rpm for 
lOmin at 4°C. Supernatant was then added to the reaction mixture containing 0.12mM 
DTNB in O.IM sodium phosphate, ImM EDTA, pH 8.0 and incubated for 15min at room 
temperature. The absorbance of the reaction mixture was monitored as OD412nm and 
GSH content was estimated with reference to GSH standard curve. GSH content was 
expressed in terms of nmole/mg protein, while protein concentration of lysate was 
determined by Lowry's protein assay (Lowry et al, 1951). 
3.2.6 Protein determination by Lowry's method 
Protein concentration of cell lysate was determined according to the method of 
Lowry et al (1951). One hundred \x\ sample was added to 2ml of 0.01% copper (II) 
sulfate, 0.01% potassium sodium tartrate, 2% sodium bicarbonate in O.IM NaOH and 
allowed to stand for lOmin. Afterwards, 0.1ml Folin-Ciocalteu's phenol reagent was added 
and the mixture was allowed to stand for another 90min. Absorbance at 750nm was 
determined and protein concentration was estimated with reference to BSA standard curve. 
3.2.7 MDA measurement 
For MDA determination, cells were treated with tBHP in HBSS instead of 
William's medium E, since the absorbance of William's medium E will influence the 
( 
spectrophotometric determination of MDA. HBSS was collected after tBHP treatment. 
Four hundred |il aliquot of HBSS was added to 400ial of TBA-reagent containing 0.375% 
TBA, O.IM HCl, and 15% TCA (Wey et al, 1993). The mixture was heated at 1 0 0 � C for 
30min. After centrifugation to remove precipitate, absorbance of the supernatant at 532nm 
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was determined. MDA concentration was calculated with reference to MDA standard 
curve. 
3.2.8 GSSG measurement 
Hepatocytes were cultured in 6-well plates and treated with FR extract for 24hr 
prior to tBHP challenge. The media were reserved for GSSG determination. Twenty-five 
aliquot of the culture medium was added to 1ml reaction mixture containing 5mM 
EDTA, \5\xM DTNB, lU glutathione reductase (from baker yeast) and 50^M NADPH in 
O.IM sodium phosphate, pH 7.5 (Brehe and Burch, 1976). The mixture was incubated at 
37°C for 30min and the absorbance of the mixture was determined at 412nm. Relative 
amount of GSSG in medium was expressed in terms of OD412nm. 
3.2.9 ROS measurement with fluorescent dye 
ROS in hepatocytes was determined according to Shen et al. (1996). A DCFDA 
stock of lOmM was prepared in DMSO. The stock was diluted to 20fiM with serum free 
William's medium E so that the final concentration of DMSO was' 0.2%. This amount of 
DMSO showed no influence on the viability of hepatocytes and tBHP cytotoxicity. 
Hepatocytes seeded onto 24-well plate were treated with FR extract. Cells were then 
washed twice with PBS and cultured in serum free William's medium E containing 20j^M 
DCFDA for 30min. Unabsorbed dye was washed away with HBSS and cells were then 
subjected to tBHP treatment. Fluorescence of each well was determined at Ex485nm and 
Em530nm by Cytofluorometer every 30min after adding tBHP. Time zero was taken as the 
time just before addition of tBHP. 
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3.2.10 Vitamin C, vitamin E and BHT treatment 
The antioxidant activity of FR extract was compared with three typical 
antioxidants. Vitamin E stock was prepared in DMSO at lOOmg/ml, which was further 
diluted in William's medium E to desirable concentrations with DMSO concentration 
lower than 0.2% (v/v). Both vitamin C and BHT were prepared in William's medium E 
and sterilized by passing through a filter with 0.2|j,in pore size. Different concentrations of 
the above antioxidants were added to hepatocytes and pre-treated for 24hr prior to tBHP 
treatment. 
3.2.11 Antioxidant enzyme activity measurement 
Hepatocytes were seeded onto 100mm culture dish at 8x10^ cell/dish. Cells were 
treated with 200|j,g/ml of FR extract for 24hr. Hepatocytes were then washed with PBS 
twice, trypsinized and lysed by sonicating on ice. The lysate was centrifuged at 14,000rpm 
for 30min at 4°C. Afterwards, the supernatant was used for enzyme activity measurement. 
3.2.11.1 Catalase activity measurement 
Catalase activity was determined according to the method of Aebi (1984). The 
decomposition of H2O2 was monitored by measuring the decrease in absorbance at 240nm. 
To a 450|j,l aliquot of cell lysate of Img/ml protein, 18|j,1 50% absolute ethanol was added 
and incubated on ice for 30min. Then SO i^l 10% Triton X-100 (in 50mM Tris-chloride, 
0.1 mM EDTA, pH 7.6) was added. The change in absorbance at 240nm of the reaction 
mixture containing the treated lysate, lOmM H2O2 in 50mM sodium phosphate, pH 7.0 was 
followed for Imin. Catalase activity was expressed as |imole H2O2 decomposed/min/mg 
protein. Molar extinction coefficient of H2O2 is 39.4mM''cm"'. 
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3.2.11.2 SOD activity measurement 
SOD activity was determined according to the method of McCord and Fridovich 
(1969). The reaction mixture contained lO^iM cytochrome c, 50|iM xanthine, 0.1 mM 
EDTA, 50mM potassium phosphate, pH 7.8 and 6mU xanthine oxidase in the presence or 
absence of cell lysate. The reduction of cytochrome c by superoxide generated from 
xanthine was measured by following the increase in absorbance at 550nm. Superoxide 
dismutase inhibits the reduction of cytochrome c. The rate of cytochrome c reduction in the 
presence or absence of cell lysate was determined. SOD activity was expressed as the 
amount of cell lysate, in terms of i^g protein/ml, required to inhibit cytochrome c reduction 
by 50%. 
3.2.11.3 GPx activity measurement 
GPx activity was determined according to the method of Paglia and Valentine 
(1967). GPx catalyzes the reduction of peroxides with GSH and gives GSSG. The activity 
of GPx can be traced by coupling the GR catalyzed reaction into the reaction system, GR 
reduces GSSG with the oxidation of NADPH. The rate of decrease in NADPH reveals the 
activity of GPx. Fifty jig/ml cell lysate protein was added to a reaction mixture containing 
ImM EDTA, ImM sodium azide, 60|aM NADPH, 0.37U GR, ImM GSH, 1.5mM tBHP in 
50mM potassium phosphate buffer, pH 7.0. GPx activity was expressed as nmole NADPH 
t 
oxidized/min/mg protein. The molar extinction coefficient of NADPH is 6.22mM''cm'' . 
3.2.11.4 GST activity measurement 
GST activity was determined according to the method of Habig and Jakoby 
(1981). The enzyme activity was measured by following the change in absorbance at 
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340nm of the substrate, CDNB. The conjugation of GSH onto CDNB causes a decrease in 
OD340nm. The reaction took place in 0.1 M potassium phosphate buffer, pH 8.5 with 5mM 
GSH, ImM CDNB and 50|ig/ml cell lysate protein. GST activity was expressed as nmole 
CDNB conjugated with GSH/min/mg protein. The molar extinction coefficient of CDNB is 
8.5mM"'cm"^ 
3.2.11.5 GR activity measurement 
GR activity was determined according to the method of Carlberg and Mannervik 
(1985). The assay mixture contained ImM EDTA, 50\xU NADPH, ImM GSSG and 
50|^g/ml cell lysate protein in 0.1 M potassium phosphate buffer, pH 7.0. The oxidation of 
NADPH was monitored by the change in absorbance at 340nm. GR activity was expressed 
as nmole NADPH oxidized/min/mg protein. The molar extinction coefficient of NADPH is 
3.2.12 Statistical analysis 
Results were expressed as mean 土 SD. Data were analyzed by Student's t-test with 
one-way analysis. Significant difference was taken as p<0.05 when compared with the 
corresponding control experiments. 
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3.3 Results 
3.3.1 Cytotoxicity of FR extract on rat hepatocyte 
The toxicity of the FR extract on rat hepatocytes was tested prior to the study of its 
antioxidant activity in cells. Both SO^ig/ml and 100|ig/ml of FR extract did not cause any 
observable toxicity when hepatocytes were treated for 24hr or 48hr (Figure 3.1). When the 
dose was increased to 200|ig/ml and SOO^ig/ml, significant toxicity was observed. 
However, over 85% of cell viability could still be retained. Thus, the maximum dose used 
in the subsequent experiments was 200iLig/ml. 
3.3.2 Effect of tBHP and FR extract on hepatocyte viability 
Treating hepatocytes with 500|liM tBHP for 3hr caused cell damage as shown by 
the increase in medium LDH activity and loss of cell viability (Figure 3.2). Medium LDH 
of the control was about 70U/1 but increased to over 700U/1 after being treated with tBHP. 
Treating hepatocytes with tBHP simultaneously with FR extract suppressed LDH release 
(Figure 3.2). FR extract did not affect LDH activity in vitro (data not shown). Adding 
lOO^ig/ml of FR extract to cells inhibited 40%, while 200|ig/ml of FR extract inhibited 
70% of tBHP-induced LDH leakage. tBHP treatment caused cell viability to drop by 80% 
but such damage was reversed by treating cells with FR extract simultaneously (Figure 
3.2). Two hundred )ig/ml of extract revived cell viability to over 80%. 
In another set of experiment, hepatocytes were pre-treated with FR extract for 24hr 
prior to tBHP challenge. No extract of FR was present in the medium during tBHP 
treatment. FR extract pre-treatment significantly suppressed the cytotoxicity of tBHP 
(Figure 3.3). A dose-dependent protective effect was observed at doses ranging from 10 to 
200|ag/ml. Ten jig/ml of FR extract significantly inhibited LDH leakage by 40%, which 
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Figure 3.1. Cytotoxicity test of the FR extract on primary rat hepatocytes. Hepatocytes 
seeded onto 24 well plates (2x 1 O^cell/well) were treated with different concentrations of 
the extract of FR for either 24hr (black bar) or 48hr (white bar). Cytotoxicity was estimated 
by MTT assay. Results were expressed as mean 土 SD (n=4). Statistical significance was 
taken as **p<0.01 when compared with corresponding control. 
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Figure 3.2. Effect of treating hepatocytes simultaneously with the FR extract and tBHP. 
Hepatocytes were treated with different concentrations of the extract of FR and SOO i^M 
tBHP for 3hr. Cell damage was determined by MTT assay (upper) and LDH leakage assay 
(lower). Results were expressed as mean 土 SD of 4 individual experiments. Statistical 
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Figure 3.3. Effect of pre-treating hepatocytes with different concentrations of the extract of 
FR for 24hr on tBHP-induced cell damage. Hepatocytes were pre-treated with the extract 
of FR ranging from l)ig/ml to 200}ig/ml for 24hr prior to tBHP challenge. The FR extract 
containing media were aspirated before adding medium containing 500|j.M of tBHP to 
cells. Cell damage was determined by measuring cell viability by MTT assay (upper) and 
LDH leakage (lower). Results were expressed as mean 土 SD (n=4). Statistical significance 
was taken as *p<0.05 and ** p O . O l when compared with group treated with tBHP only. 
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was much more effective than the simultaneous treatment (Figure 3.2). Pre-treating 
hepatocytes for 24hr with 50|Lig/ml of FR extract showed similar potency with treating 
hepatocytes with 200|ig/ml extract simultaneously with tBHP, in which over 70% of 
tBHP-induced LDH leakage was suppressed. Cell viability loss was also relieved by FR 
extract pre-treatment, with 100|ig/ml of FR extract revived cell viability to over 80%. 
Since FR extract pre-treatment was found to be more effective in inhibiting the 
cytotoxicity of tBHP, this mode of treatment was used in subsequent experiments. 
3.3.3 Time-dependent effect of FR extract on tBHP-induced cytotoxicity 
Results of time course study on the protective effect of FR extract on tBHP 
cytotoxicity were illustrated in Figure 3.4. Significant protective effect was observed when 
hepatocytes were pre-treated with 200|ig/ml of FR extract for 3hr. The protective effect 
increased with prolonged pre-treatment time. When hepatocytes were treated with FR 
extract for 48hr, over 90% inhibition on tBHP-induced LDH leakage was observed. 
Furthermore, 120% of cell viability was also observed with such treatment after challenged 
by tBHP. 
3.3.4 Effects of tBHP and FR extract on hepatocyte GSH content 
The effect of treating hepatocytes with tBHP and extract of FR on intracellular 
GSH content was shown in Figure 3.5. Treating hepatocytes with SOOfiM tBHP for 3hr led 
to GSH depletion. Intracellular GSH content of hepatocyte was decreased by 83% after 
tBHP treatment. Treating hepatocytes with increasing concentration of FR extract 
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Figure 3.4. Time course study on the protective activity of the FR extract against tBHP-
induced cell damage in rat hepatocyte culture. Hepatocytes were pre-treated with 200^g/ml 
of extract of FR for various periods of time prior to tBHP treatment. Extract containing 
media were aspirated before the addition of SOO i^M tBHP to cells. After treated with tBHP 
for 3hr, cell damage was determined by MTT assay (upper) and LDH leakage assay 
(lower). Results were expressed as mean 士 SD (n=4). Statistical significance was taken as 
**p<0.01 when compared with group treated with tBHP only. 
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Figure 3.5. Effect of the FR extract on tBHP-induced GSH depletion in rat hepatocytes. 
Cells were pre-treated with the FR extract for 24hr followed by tBHP treatment. 
Afterwards, cells were lysed and GSH content was determined by spectrophotometeric 
method with DTNB. Results were expressed as mean 土 SD (n=4). Statistical significance 
was taken as *p<0.05 or **p<0.01 when compared with group treated with tBHP only. 
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of FR extract revived GSH content to 40nmole/mg protein. Treating hepatocytes with 
200)ag/ml of FR extract for 24hr in the absence of tBHP did not affect intracellular GSH 
content (data not shown). The effect of FR pre-treatment on GSH was also a time-
dependent process (Figure 3.6). A pre-treatment of hepatocytes with 200}ig/ml of FR 
extract for 0.5hr significantly relieved cellular GSH level after treated with tBHP. 
3.3.5 Effect of tBHP and FR extract on GSSG formation in cultured hepatocyte 
Treating hepatocytes with 500|liM of tBHP for 3hr caused the increase of GSSG 
level in medium by 167% (Figure 3.7). Pre-treating hepatocytes with increasing doses of 
FR extract inhibited GSSG release into the medium in a dose-dependent manner. The 
medium collected contained negligible amount of GSH (data not shown). 
3.3.6 Effect of tBHP and FR extract on MDA formation in cultured hepatocytes 
Treating hepatocytes with tBHP caused the increase of medium MDA level by 
700% (Figure 3.8) but inhibited by pre-treatment of FR extract. Significant inhibitory 
effect was found at doses ranging from 50|ig/ml to 200|ag/ml, with 50jig/ml of FR extract 
inhibited MDA production by 50%. FR extract showed protective effect against tBHP-
induced MDA formation in hepatocytes in a time-dependent manner (Figure 3.9). Treating 
hepatocytes with 200|ig/ml of FR extract for 0.5hr significantly reduced MDA release into 
medium. Treating hepatocytes with 200}ig/ml of FR extract for 24hr in the absence of 
tBHP did not affect basal MDA content in culture medium (data not shown). 
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Figure 3.6. Time course study of the effect of the extract of FR on tBHP-induced GSH 
depletion. Hepatocytes were pre-treated with 200}ig/ml of FR extract for different time 
periods followed by tBHP treatment. Cells were trypsinized and lysed for analysis of 
intracellular GSH content. Results were expressed as mean 土 SD (n=4). Statistical 
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Figure 3.7. Effect of FR extract on tBHP-induced GSSG formation in rat hepatocytes. 
Hepatocytes were pre-treated with different concentrations of extract of FR for 24hr 
followed by tBHP treatment. GSSG released into culture medium was converted to GSH 
by GR. Amount of GSH was measured by adding DTNB to the mixture and determined 
OD412nm of the resulted solution. Results were expressed as mean 土 SD of four 
individual experiments with statistical significance at **p<0.01 when compared with group 
treated with tBHP only. 
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Figure 3.8. Effect of FR extract on tBHP-induced lipid peroxidation in primary rat 
hepatocytes. Cells were pre-treated with different concentrations of the extract of FR for 
24hr and then treated with tBHP. Lipid peroxidation was quantified by measuring amount 
of MDA formed and released into the culture medium. Medium was added to TBA reagent 
and heated at 100°C for 15min. OD532nm of the resulting solution was determined. 
Results were expressed as mean 土 SD (n=4) with statistical significance at **p<0.01 when 
compared with group treated with tBHP only. 
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Figure 3.9. Time course study of the effect of the extract of FR on tBHP-induced lipid 
peroxidation in primary rat hepatocytes. Rat hepatocytes were pre-treated with 200iig/ml 
of extract of FR for various time periods prior to tBHP challenge. MDA formation was 
determined by TBA reagent at OD532nin. Values were mean 土 SD (n=4). Statistical 
significance was taken as **p<0.01 when compared with group treated with tBHP only. 
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3.3.7 ROS-scavenging activity of FR extract in hepatocyte 
Sufficient fluorescence intensity could be detected by culturing hepatocytes with 
20fiM DCFDA for 30min. Treating hepatocytes with 500|aM tBHP for 3hr caused a 
gradual increase in intracellular DCF fluorescence with time as shown in Figure 3.10. 
Significant increase in ROS can be detected 30min after tBHP addition. DCF fluorescence 
increased 17-fold after 3hr of tBHP treatment. Increase in fluorescence was suppressed by 
pre-treating hepatocytes with FR extract for 24hr in a dose-dependent manner. The DCF 
fluorescence of hepatocytes treated with 200^ig/ml of FR extract and tBHP was lower than 
that of cells treated with tBHP only at all time points. Treating hepatocytes with 200|ig/ml 
FR extract in the absence of tBHP also reduced intracellular ROS to a level lower than that 
of the control (Figure 3.10). 
3.3.8 Effect of FR extract on antioxidant enzyme activities 
Treating rat hepatocytes with 200|ag/ml of FR extract showed no significant effect 
on the endogenous antioxidant activity when compared with the control (Table 3.1). 
3.3.9 Comparison between typical antioxidants 
Equivalent amount of antioxidants, in terms of ^ig/ml, were added to hepatocytes 
and cultured for 24hr. All of these drugs (vitamin E，vitamin C, BHT and FR extract), with « 
the concentrations used in this experiment, showed no toxicity on hepatocytes (data not 
shown). Their antioxidant activities in hepatocytes were shown in Figure 3.11. Vitamin E 
inhibited over 90% of tBHP-induced LDH leakage and viability loss at all the doses used 
in this study. For LDH leakage, vitamin C showed more effective inhibitory effect than an 
equivalent dose of FR extract. Similar potency in reviving cell viability was observed in 
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Figure 3.10. Free radical scavenging activity of FR extract in rat hepatocytes against tBHP-
induced free radical generation. Hepatocytes were pre-treated with different concentrations 
of FR extract for 24hr. Afterwards, cells were loaded with 20|aM DCFDA for 20min 
followed by tBHP (500|iM) treatment for 3hr. Oxidation of DCF was measured by 
determining fluorescence at excitation wavelength 485nm and emission wavelength at 
530nm. Fluorescence was scanned by Cytofluorometer every 30min after tBHP addition. 
Values were mean 土 SD (n=4) with statistical significance at *p<0.05 and **p<0.01 when 
compared with group treated with tBHP only. 
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Table 3.1. Effect of FR extract on rat hepatocyte antioxidant enzymes activities. 
^ , FR treated  
Control (200|ig/ml) 
Ca产as， 381.5 土 81.4 447.2 ± 77.5 
(nmole HzCVmin/mg protein) 
SOD . 31 .7±1.1 31 .4±1 .2 
(jig/ml protein) 
GPx 335 8 ± 14 2 346 9 土 3 9 
(nmole NADPH/min/mg protein) . 一 • 
GR 68 0 ± 3 0 70.3 ±4 .7 
(nmole NADPH/min/mg protein) “ . 一 . 
1 r r w D / . / + . � 774.6 ± 122.8 764.8 ±173.6 
(nmole CDNB/min/mg protein) 
Hepatocytes were seeded onto 100mm dish and treated with 200|ig/ml of FR extract for 
24hr. Control group was cultured with William's medium E only. Cells were trypsinized 
after treatment and lysed by sonication. After centrifugation at 14,000rpm for 30min to 
remove debris, antioxidant enzyme activity in the supernatant was determined. Results 
were expressed as mean 土 SD (n=4). 
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Figure 3.11. Effect of extract of FR and typical antioxidants on tBHP-induced cytotoxicity 
in rat hepatocytes. Hepatocytes were pre-treated with different concentrations of FR extract 
(A), vitamin E (•)，vitamin C (o) or BHT ( • ) for 24hr and then treated with 500|iM tBHP 
for 3hr. Cell damage was assessed by determining cell viability by MTT assay (upper) and 
LDH leakage (lower). Solid line ( ) represents LDH level and cell viability of the 
control, while dashed line (——)represents that of cells treated with tBHP only. Values 
were expressed as mean 土 SD (n=4) with statistical significance at *p<0.05 and **p<0.01. 
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vitamin C and FR extract. BHT showed the least protective effect on tBHP-induced cell 
damage among the four drugs tested. Pre-treating hepatocytes with BHT did not revive 
tBHP-induced viability loss at all. However, significant inhibitory effect on tBHP-induced 
LDH leakage was observed when cells were pre-treated with lOO^ig/ml of BHT prior to 
tBHP challenge. 
3.3.10 Effect of the WZ and remaining herbal extracts on tBHP-induced oxidative 
damage in hepatocyte 
Pre-treating hepatocytes with 200|ig/ml WZ extract for 24hr slightly suppressed 
tBHP-induced cell damage (Figure 3.12). The effect of pre-treating hepatocytes with 
50|j,g/ml or 200|Lig/ml of individual herbal aqueous extract on tBHP-induced cytotoxicity 
was summarized in Table 3.2. The aqueous extract of the four remaining herbs showed 
protective activity against tBHP toxicity while the activities of SP and FS were more 
pronounce. Pre-treating hepatocytes with 200|ig/ml of SP extract suppressed tBHP-
induced LDH leakage by 30%. Treating cells with FS extract suppressed LDH leakage by 
35% and 80% when 50)Lig/ml and 200|a,g/ml of extract were administrated, respectively. 
Both SC and FL extract only slightly inhibited tBHP-induced LDH leakage significantly 
but not viability loss. Treating hepatocytes with the extract of WZ or individual 
components did not show any significant toxicity (data not shown). 
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Figure 3.12. Effect of WZ extract on tBHP-induced cell damage in primary rat hepatocyte. 
Different concentrations of WZ extract was added to hepatocytes and cultured for 24hr. 
Hepatocytes were treated with SOO i^M tBHP for 3hr after WZ extract treatment. Cell 
damage was assessed by determining cell viability with MTT assay (upper) and LDH 
leakage (lower). Results were expressed as mean 土 SD (n=4) with statistical significance at 
**p<0.01 when compared with group treated with tBHP only. 
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Table 3.2. Summary of the effect of the aqueous extracts from the remaining herbal 
components of WZ on tBHP-induced oxidative damage in rat hepatocyte. 
[Sample], |ig/ml LDH activity, U/1 % Viability 
Control 82 ± 3 100 ±0 .4 
tBHP only 712 土 16 28.8 ±1.1 
FS 
50 452 士 20** 58.1 土 2.5** 
200 201 ±12** 80.7 土 3.2** 
SP 
50 588 士 71** 42.5 ±6 .0 
200 506 ±10** 52.8 士 3.6* 
FL 
50 654 ± 3 7 36.4 ±1 .1 
200 563 ±3** 48.0 土 1.8* 
SC 
50 535 土 50** 37.0 ±6 .2 
200 632 土 40* 35.8 士 6.9 
Hepatocytes were pre-treated with either 50|j,g/ml or 200fxg/ml of the aqueous extracts of 
WZ or individual herbal components of the WZ for 24hr prior to tBHP treatment. Cell 
damage was determined by LDH leakage and MTT assay. Results were expressed as mean 
土 SD (n=4). Statistical significance was taken as *p<0.05 or **p<0.01 when compared 




Treating rat hepatocytes with 500|iM tBHP for 3hr caused significant oxidative 
damage, as indicated by the loss of cell viability, GSH depletion, MDA formation and 
ROS generation. These outcomes agreed with previous studies using the same system 
(Gebhardt, 1997; Tseng, 1997; Dubuisson et al, 2000; Wang et aL, 2000; Kmonickova et 
al, 2001). tBHP is metabolized intracellularly by microsomal CYP450 reductase to free 
radical intermediates inside the cells. Thus, the proposed antioxidant compound must be 
permeable to cellular membrane, being trapped inside the cell, and concentrated at the site 
of free radical generation in order to protect the cells. A pre-treatment system was used in 
the present study in which unabsorbed components of the extracts were removed. Any 
antioxidant activity observed should be contributed by active components absorbed into 
cells. Therefore, they should produce their antioxidant activity intracellularly but not 
reacting with tBHP directly in culture medium. 
All the extracts showed a similar pattern of antioxidant activity in hepatocyte 
culture experiment as that in in vitro free radical generating assays. The aqueous extract 
prepared from the WZ formula showed a low degree of protective effect against tBHP-
induced cell damage. Among the aqueous extracts of individual herb, the extracts of SP 
and FS showed significant antioxidant activity. The extract of FS showed more obvious 
antioxidant activity in cellular system. Although FS extract did not scavenge free radical 
effectively by itself, it is capable of enhancing intracellular GSH status and GR activity 
(Ko et al, 1995). GSH plays an essential role in cellular resistance against tBHP toxicity 
(Zuo et al, 2001). Hence, FS probably protect hepatocytes against tBHP toxicity by these 
effects, which cannot be observed in in vitro tests. Since the antioxidant activity of FS has 
been well studied, it would not be pursued in the present study. 
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Although SP extract showed more effective free radical scavenging activity than FS 
extract，it showed weaker antioxidant activity in hepatocyte than FS. The active antioxidant 
component of SP extract may not be capable of penetrating cell membranes, thus limited 
its antioxidant activity. SP extract protects mice against carbon tetrachloride 
hepatotoxicity, but the actual mechanism remains unknown (Yun and Chang, 1977). It 
appears that such hepatoprotective effect is contributed by its free radical scavenging 
activity. 
The hepatoprotective activity of FL could not be demonstrated in the present study. 
Cerebroside isolated from FL protects hepatocytes against carbon tetrachloride-induced 
oxidative damage (Kim et al, 1999) by scavenging free radicals. However, this 
cerebroside may not be extracted by water extraction. Thus, using other extraction methods 
may yield different results. Furthermore, FL may inhibit carbon tetrachloride toxicity 
through modulating the activity of CYP450 system. Although tBHP is also activated by 
CYP450 system, different isoforms are involved so that FL may not affect tBHP 
activation. The polysaccharide isolated from SC protects rat pheochromocytoma line PC 12 
cell against HzOz-induced oxidative damage (Bao et al., 2002) but may not necessarily be 
effective in hepatocyte. 
FR extract is the most potent one in inhibiting tBHP-induced oxidative damage in 
rat hepatocyte among the herbal extracts. However, this effect disappeared when the whole 
formula was used as the relatively low proportion of FR extract in the WZ extract. Thus, 
the antioxidant activity of FR and FS may just served as ‘minister，in the biological effect 
of the formula, while the emperors, SC and FL, should possess other pharmacological 
activities. 
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At the same time, FR extract showed only a low degree of toxicity on hepatocytes 
when they were treated with 200|ig/ml and 500|ag/ml of extract for 24hr. Such low level of 
toxicity may be due to the slightly acidic property of the extract. Nevertheless, over 85% of 
cell viability was still observed with 500|Lig/ml of extract while over 90% of viability was 
found in hepatocytes treated with 200|j.g/ml for 24 or 48hr. This toxic dose is much higher 
than the effective dose range (10|ig/ml to 50}ig/ml) showing antioxidant activity. 
Therefore, FR extract could be used in living systems with effective antioxidant activity 
but low toxicity. Taking the results obtained together, treating cells with 50|ag/ml of FR 
extract for 24hr appears to be the most optimum dosage with a balance between low 
toxicity and effective antioxidant activity. In the simultaneous treatment experiment, a 
much higher dose of FR extract was needed to achieve the same potency in pre-treatment 
one. When concerning the results of simultaneous mode (Figure 3.3) and time course study 
on pre-treatment mode (Figure 3.3) at the same time, 200|ag/ml of extract showed more 
potent activity in simultaneous experiment. This difference may be due to the direct 
interaction between the extract and tBHP in medium. 
Several aspects can explain the effective protective effect of FR extract. First of all, 
the specificity of scavenging activity towards different types of free radicals governs the 
potency of their protective activity. As discussed in Chapter 2，FR extract was the most 
effective one in scavenging peroxyl radical among the five extracts. Hence, the FR extract 
I 
was expected to scavenge /err-butylperoxyl and rer/-butoxyl radicals more readily than the 
other extracts and protect hepatocytes much more effectively. The bioavailability of the 
active components also determines their biological activity. The permeability of the active 
components in FR extract to cellular membranes is of primary concern. However, no direct 
information is available in differentiating the absorption rate of different active 
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components in the extracts. It was believed that the active component could penetrate into 
cells rapidly as significant amount of them were absorbed into the cells after 3hr of 
treatment. Since the extract was water-soluble, the active component should not be capable 
of penetrating the lipid bilayer readily. Similar uptake mechanism to that of ascorbic acid 
may be used in which ion co-transporter is involved. This observation implies that FR 
extract could be used for inhibiting acute oxidative stress induced by exogenous agents. 
The effectiveness of pre-treatment with the extract against oxidative damage also suggests 
that the extract of FR is capable of enhancing the antioxidant capacity of our bodies. 
The antioxidant activity of FR extract was further investigated with several 
oxidative stress related parameters. The metabolism of tBHP by GPx results in rapid 
consumption of intracellular GSH. Besides this enzymatic detoxification pathway, free 
radical generated via the metabolism of tBHP by CYP450 system also lead to GSH 
oxidation. GSH is consumed for scavenging free radicals or providing reducing potential 
for repairing oxidized cellular components. The active components of FR extract 
scavenged free radicals generated and thus prevented oxidation of GSH and cellular 
components. The amount of GSH required for repairing oxidized biomolecules was 
reduced but a portion of GSH was consumed in detoxification of tBHP by GPx. This 
pathway is of high importance in eliminating the toxicity of tBHP, however, the extract of 
FR did not affect this pathway. 
Antioxidant enzymes are the first line of defense against oxidative damage in cell. 
However, treating hepatocytes with FR extract did not affect the activity of antioxidant 
enzymes. FR extract probably protected hepatocytes by scavenging free radicals only. 
Nevertheless, such effect could not be confirmed based on the results obtained in this 
study. It was reported that the expression of genes in primary hepatocyte depends on the 
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conditions of culture medium (Vandenberghe et al, 1988) and supporting substratum 
composition (Schuetz et aL, 1988; Nagaki et cd.’ 1995). It has been reported that Modified 
Chee's medium, which contains higher amino acid content than William's medium E, 
provides better support for CYP450 enzyme expression. 
On the other hand, using collagen gel matrix (three-dimensional support) as 
substratum stimulates protein synthesis and gene expression of GST and CYP450 enzymes 
(Richert et al., 2002). Such stimulatory effect was not observed in rigid collagen 
substratum system used in the present study. Besides, the method used for measuring GST 
activity could not distinguish different families of GST. Thus, change in the activity of a 
particular family may not be detected. Extended experiment should be carried out on the 
mRNA level since FR extract may affect antioxidant enzyme expression at transcriptional 
level but not translational or post-translational level (Coecke et al” 2000). Although some 
xenobiotics have been shown to modulate SOD and catalase expression, such effect is only 
observed in mRNA level but not actual enzyme activity (Dwievdi et al, 1993; Antras-
Ferry et cd.，1997; Diez-Femandez et al., 1998). In addition to antioxidant enzymes, FR 
extract might also perform its protective effect through affecting the activity of CYP450 
system. More study should be carried out to verify the effect of FR extract on CYP450 
system. 
The FR extract performed free radical scavenging activity inside hepatocytes as 
shown by reduced DCF fluorescence. Reduction in DCF oxidation depends on the ability 
of FR extract to compete ROS with DCF. The active component reacted with ROS before 
it can react with DCF. It implies that the active components are in close proximity to the 
site of ROS generation, and sufficient concentration was achieved to prevent ROS from 
^ ^ ^ ^ ^ reacting with DCF. In addition to inhibiting tBHP toxicity, treating hepatocytes with 
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extract of FR alone also lowered the basal ROS level in hepatocytes. Hence, more than 
100% viability was recorded in cells treated with 200|ig/ml extract for 48hr even after 
tBHP challenge (Figure 3.4). It implies that FR was not just capable of protecting our 
bodies against xenobiotics-induced oxidative stress but was also beneficial to our health. 
Although the use of DCFDA demonstrated the free radical scavenging activity of FR 
extract in hepatocyte, the actual site of ROS generation in cell could not be determined. 
Confocal microscopy can be used to verify the ROS distribution in cell. 
Lipid peroxidation plays an important role in mediating tBHP toxicity. The tert-
butylperoxyl and rer/-butoxyl radicals can initiate lipid peroxidation chain reaction. The 
active components in the extract of FR were effective peroxidation chain breakers. They 
could inhibit MDA formation at different sites. The extract located near the site of free 
radical generation, i.e. microsome, scavenged free radicals produced immediately after 
being generated. At the same time, the extract could scavenge lipid peroxides formed if 
any butylperoxyl radicals escape from the first line of defense at the microsomal site. 
Hydrophobic antioxidants, like vitamin E, are much more effective in inhibiting lipid 
peroxidation than hydrophilic ones. This property is due to the high solubility of vitamin E 
in membrane lipid bilayer. The active component in FR extract may be capable of 
dissolving into cell membranes and breaks peroxidation chain effectively. 
The potency of the extract was compared with several typical antioxidants, 
t 
including vitamin C, vitamin E and BHT. Both vitamin E and BHT are potent lipid 
peroxidation chain breakers in vitro. Vitamin C and vitamin E are essential in protecting 
cell against oxidative damage induced by tBHP (Glascott et al., 1992; 1995). The fat-
"soluble vitamin E protects hepatocyte form tBHP-induced lipid peroxidation, while the 
^ ^ ^ ^ ^ water-soluble vitamin C mainly scavenges free radicals in the cytosol. Vitamin C exerts 
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protective effect against tBHP toxicity through synergetic actions on vitamin E (Mawatari 
and Murakami, 2001). Since the extract of FR is water soluble, it should mainly be located 
in cytosol but not in membrane lipids. The active component readily scavenged free radical 
generated in microsome and prevented initiation of lipid peroxidation chain rather than 
acting as chain breaker in membrane lipids. It also performed synergistic action upon the 
chain breaking activity of vitamin E in membrane. BHT inhibits tBHP-induced oxidative 
stress in LLC-PKl cell effectively (Chen and Stevens, 1991). BHT only showed inhibitory 
effect on tBHP-induced LDH leakage but not viability loss, probably because BHT only 
protected membrane from being attacked by free radical but not other intracellular 
components, i.e. mitochondria. 
After carrying out a series of cell culture experiments, it was found that the FR 
extract but not the whole WZ formula inhibited tBHP-induced cytotoxicity in primary rat 
hepatocytes. The active component protected hepatocytes against oxidative damage by 
scavenging free radicals generated via the metabolism of tBHP. Hence, the FR extract may 
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FR extract showed antioxidant activity in both in vitro and rat hepatocyte culture 
experiments. Cell culture experiment provided information about the cytotoxicity and 
bioavailability of the active component in FR extract. It showed effective antioxidant 
activity intracellularly at doses much lower than the toxic dose. Actually, over 90% cell 
viability can still be retained at the dose considered as 'toxic'. However, such simplified 
system could not fully elucidate the toxicity and bioavailability of the active component 
when it is applied to a whole organism. The extract may be toxic to other cell types but not 
hepatocytes. Furthermore, the active component must be resistant to the digestive 
conditions of the gastrointestinal tract, and being absorbed into blood stream through 
intestine before it can exert its effect. It is necessary to further investigate the biological 
activity of FR extract in the complex whole animal system. 
Mouse model is used because it is easy to handle and only little amount of sample 
is needed. Oxidative stress can be induced in animal liver by various xenobiotics. The 
hepatotoxicities of acetaminophen (Lores-Amaiz et al., 1995; Amimoto et al” 1995) and 
carbon tetrachloride (Recknagel et al, 1989) are known to be mediated through oxidative 
damage. Microsomal CYP450 enzyme system is essential in the activation of these 
xenobiotics. Administrating antioxidants to animals suppresses the toxicity of these 
potential oxidants (Amimoto et al., 1995; Ip et al., 1997). In the present study, oxidative 
stress will be generated in mouse by subcutaneous injection of tBHP. Although using tBHP 
as oxidative stress inducer in animal model has not been well characterized, tBHP is used 




4.2 Materials and methods 
4.2.1 Materials 
Alanine aminotransferase (ALT) assay kit, aspartate aminotransferase (AST) assay 
kit, DTNB, TBA, TCA and tBHP were purchased from Sigma. All animals used in the 
experiments were obtained from the LASEC of the Chinese University of Hong Kong. 
They were kept at 12hr dark/light cycle and fed with standard rodent chow and tap water 
ad libitum. Other chemicals used were of analytical grade. 
4.2.2 Animal treatments 
Male Balb/c mice weighing 20-25g were housed in the LASEC. On day 0，the mice 
were divided into groups of 5 mice and housed separately. 
Extract administration 
Different concentrations of WZ extract or FR extract were prepared in distilled 
water. The extract was administrated to mice by intragastric feeding at 1 Oml/kg/day. The 
control group was pair fed with distilled water only. All the groups were allowed free 
access to standard rodent chow and tap water throughout the experiment. 
Toxicity test of WZ and FR extract 
Mice treated with WZ or FR extract were sacrificed 24hr after the last dose. Blood 
samples were collected for serum ALT and AST measurements. 
� 
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Oxidative stress induction 
Oxidative stress was induced by subcutaneous injection of tBHP to mice at 24hr after 
the last dose of WZ or FR extract administration. tBHP prepared in 0.9% saline was 
administrated to mice through subcutaneous injection at a final dose of O.lmmole/kg body 
weight. For control group, only saline was administrated to mice. All the mice were 
sacrificed 18hr after tBHP administration by decapitation. Blood was collected for serum 
preparation. Liver was excised immediately, washed twice with 0.9% saline, snap frozen 
by liquid nitrogen and stored at -80°C until use. 
4.2.3 Serum preparation 
Blood sample was allowed to clot at room temperature for 2hr. The blood sample 
was then centrifuged at l，000g for lOmin at 4°C. Supernatant was collected as serum 
sample. Serum collected was stored at 4 � C till ALT and AST activity measurements. 
4.2.4 Marker enzyme measurement 
Serum ALT and AST activities were measured using Sigma assay kits. To 1ml of 
assay medium, 100|il of serum was added and the change in NADH concentration was 
detected by monitoring to the decrease in absorbance at 340nm for Imin. Enzyme activity 
was calculated according to instructions of assay kit menu from the following equation: 
I 
ALT or AST activity (U/1) = AOD340/min x 1.1 x 1000 
6 .22x0 .1 X 1 
J 
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4.2.5 Liver MDA and GSH determination 
Liver homogenate preparation 
Liver sample was washed with 0.9% saline twice. To Ig of liver tissue, 9ml 1.15% 
potassium chloride solution was added. Livers were homogenized at 14,000rpm for 10s by 
Polytron on ice. Protein concentration of the homogenate was determined by Bradford's 
protein assay (Bradford, 1976). Briefly, 50^1 homogenate was added to 5ml of five-fold 
diluted Bradford's Reagent and mixed thoroughly. The samples were allowed to stand for 
lOmin and absorbance at 595nm was determined. Protein concentration was determined 
with reference to BSA standard curve. 
GSH measurement 
Liver GSH content was determined according to Brehe and Burch (1976). 
Homogenate was deproteinized by mixing 400fil aliquot of homogenate with lOOfil of ice 
cool 25% TCA (w/v). The mixture was centrifuged at 4,000rpm for 5min at 4°C. Three 
hundred i^l of supernatant was added to 900|il O.IM sodium phosphate, pH 8.0, followed 
by 50fil of 3mM DTNB. After incubation for ISmin at room temperature, absorbance of 
the reaction mixture at 412nin was determined. GSH concentration was determined with 




Liver MDA content was determined according to van de Straat et al (1987) with 
slightly modifications. The liver homogenate was deproteinized by TCA prior to MDA 
determination. Four hundred |li1 of 25% (w/v) TCA was added to 800|al aliquot of 
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homogenate. Precipitated proteins were removed by centrifugation at 5,000rpm for 5min at 
4°C. Then 500|li1 of supernatant was added to 500|^1 0.38% TBA (w/v) in 0.25M HCl. The 
reaction mixture was heated at 80°C for 30min. After centrifugation, the absorbance of the 
supernatant was determined at 532nin. MDA concentration was determined with reference 
to MDA standard curve. Amount of MDA in liver was expressed as pmole/mg protein. 
4.2.6 Statistical analysis 
Results were expressed as mean 土 SD. Data were analyzed by Student's t-test with 





4.3.1 Effect of tBHP and FR extract on mouse serum ALT and AST activities 
Subcutaneous injection of tBHP into mice caused the increase in serum ALT 
activity by 272% and AST activity by 238% (Figure 4.1). Pre-treating mice with different 
doses of FR extract for 1 Odays showed no effect on tBHP-induced increase in serum ALT 
and AST activities. Treating mice with FR extract alone did not affect serum ALT and 
AST activities (data not shown). 
4.3.2 Effect of tBHP and FR extract on mouse liver GSH and MDA content 
Treating mice with Immol/kg of tBHP caused the depletion of liver GSH from 
5.9nmole/mg protein to 3.8nmole/mg protein (Figure 4.2). Pre-treating mice with Ig/kg of 
FR extract revived liver GSH content to 5.1 nmole/mg protein. Pre-treating mice with 
0.5g/kg or O.lg/kg of extract revived liver GSH content but the results were statistically 
insignificant. Administrating tBHP to Balb/c mice caused the increase in liver MDA from 
192pmole/mg protein to 365pmole/mg protein (Figure 4.3). The mice pre-treated with 
Ig/kg of FR extract inhibited tBHP-induced MDA formation in liver. Treating mice with 
FR extract alone did not affect basal liver MDA and GSH levels (data not shown). 
4.3.3 Effect of WZ extract on tBHP-induced increase in serum ALT and AST 
activities 
Pre-treating mice with O.lg/kg or 0.5g/kg of WZ extract for 1 Odays did not affect 
tBHP-induced rise in serum ALT and AST activities (Figure 4.4). Treating mice with 
Extract of WZ also did not show any significant effect on serum ALT and AST activities 
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Figure 4.1. Effect of tBHP and FR extract on serum ALT and AST activities in mouse 
model. Male Balb/c mice were fed with different doses of FR extract for lOdays by forced 
oral administration. tBHP was injected into mice subcutaneously at 24hr after the last dose 
of extract administration. All mice were sacrificed 18hr after tBHP injection. Blood were 
collected for serum preparation. ALT (black bars) and AST (white bars) levels were 
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Figure 4.2. Effect of tBHP and FR extract on GSH content in mouse liver. Balb/c mice 
were intragastrically fed with different doses of FR extract for lOdays. One mmol/kg of 
tBHP was injected into mice subcutaneously 24hr after the last dose of extract 
administration. All mice were sacrificed 18hr after tBHP injection. Livers were collected 
and homogenized for GSH determination. The homogenate was prepared in 1.15% 
potassium chloride and deproteinized by adding 25% TCA. After centrifugation, 
supernatant was collected for GSH determination. DTNB was added to the supematants 
and OD412nm of the assay mixture was measured. Results were expressed as mean 士 SD 
< 
(n=5). Statistical significance was taken as **p<0.01 when compared with group treated 
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Figure 4.3. Effect of tBHP and FR extract on lipid peroxidation in mouse liver. Balb/c 
mice were treated with the same conditions as mentioned in the legend of Figure 4.2. 
Livers were collected and homogenized for MDA measurement. Livers were homogenized 
in 1.15% potassium chloride and deproteinized by adding TCA. TBA reagent was added to 
the homogenate and heated at 80°C for 30min. After centrifugation to remove precipitate, 
OD532nm of the supernatant was determined. Results were expressed as mean 土 SD (n=5). 
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Figure 4.4. Effect of WZ extract on tBHP-induced hepatotoxicity in mouse model. Male 
Balb/c mice were fed with different doses of WZ extract for lOdays intragastrically. tBHP 
was injected to mice subcutaneously 24hr after the last dose of extract administration. All 
mice were sacrificed 18hr after tBHP injection and blood were collected for serum 
preparation. ALT (black bars) and AST (white bars) activities were determined by 





Animal models are commonly used in studying the antioxidant activity of natural 
products. It has been reported that intraperitoneal injection of tBHP to Sprague Dawley rat 
results in oxidative liver damage (Lin et cd., 2000). However, inducing oxidative damage 
in mouse model by tBHP has not been discussed in literatures. It was found in the present 
study that subcutaneous injection of Immol/kg of tBHP into male Balb/c mice could 
increase serum ALT and AST activities. The metabolism of tBHP in the liver resulted in 
oxidative stress, as indicated by depleted GSH content and increased MDA production. 
This model can be used for in vivo investigation the antioxidant activity of compounds. 
With the model for animal study established, FR extract was administrated to mice 
through intragastric feeding. Chinese medicines are often taken orally in the form of 
solution or pill. Oral feeding simulated the routine route of consumption of WZ pill. 
However, only aqueous extract of the formula was used. Fat-soluble substances, which are 
often extracted by organic solvents, may not be present in the aqueous extract. Thus, the 
aqueous extract used in the present study may not contain all the chemical constituents in 
the pill of WZ. The pharmacological activity observed did not represent the entire 
biological effect of the whole formula. The most obvious difference was observed in the 
antioxidant activity of FS. The lignans in FS are strong antioxidants (Lu et al； 1991; Ko et 
al., 1995a; 1995b) but they are isolated from the organic extract of FS. They may not be 
present in the aqueous extract used in the present study. 
Serum ALT and AST are usually used as a marker of liver damage. They are 
released into blood stream during chronic liver disease or acute damage caused by 
infection or toxin metabolism. After being injected into mice, tBHP is absorbed into blood 
^ ^ ^ ^ stream，transported to liver and metabolized to form free radical intermediates. FR extract 
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protected rat hepatocytes against tBHP-induced damage (Chapter 3)，but not mouse liver as 
shown by the increased serum ALT and AST level. The active antioxidant component in 
the extract may be degraded in the gastrointestinal tract, or not being absorbed at all. The 
clearance rate of the active component also affects their biological activities. Since the 
extract is water soluble, it can be easily eliminated from the body through urine. This may 
give rise to only a low level of active component in mice, which is not sufficient to protect 
the mice against tBHP-induced oxidative damage. Moreover, using rat as the animal model 
may yield different results. It has been reported that mouse hepatocytes are more 
susceptible to tBHP-induced oxidative damage than rat hepatocytes (Rush et al” 1985) due 
to the different membrane lipid composition in mouse and rat. More intensive lipid 
peroxidation was observed in mouse hepatocytes than that of rat. 
Surprisingly, FR extract inhibited tBHP-induced GSH depletion and MDA 
formation in mouse liver. Similar case has been reported for the antioxidant, promethazine, 
which only suppresses tBHP-induced MDA formation in rat hepatocyte but not 
cytotoxicity (Rush et al., 1985). The metabolite of tBHP, tBAL, also induces 
hepatotoxicity by reacting with hydroxyl radical to give formaldehyde and acetone 
(Cederbaum et al, 1983). Formaldehyde destructs mitochondria and inhibits aerobic 
respiration (Strubelt et al, 1989), which eventually leads to a decrease in oxygen 
consumption and further oxidative damage. Such extended toxicity may override the 
antioxidant activity of FR extract. This toxicity may not be observed in cell culture since a 
shorter period of tBHP treatment was used. 
Damage of tissues other than liver may also result in a rise of serum ALT and AST 
/Activities. tBHP reacts with the heme group of hemoglobin in erythrocytes (Van der Zee et 
^^^^^^ al., 1985; 1989)，and results in free radical generation, lipid peroxidation and cell damage. 
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Since the pharmacological activity of FR is targeted at liver and genital system, the active 
component may only be capable of suppressing tBHP toxicity in liver or congenital organs 
but not erythrocyte. This tissue specificity also cannot be observed in hepatocyte culture 
since only one type of cell is present. In the context of Chinese medicine, the biological 
activity of some drugs will only be apparent when it is used in the form of a formula. The 
fact that the presence of one component enhances the activity of the others, helps to target 
the active component to specific tissues, or delays the degradation of active component. 
Using the extract of the whole formula, however, did not show this phenomenon in the 
present study. Feeding rats with the crude powder of WZ protected them against ethanol-
induced hepatotoxicity (Liang, personal communication). It appears that some essential 
components in the herbs cannot be extracted by water. 
The antioxidant activity of FR extract appeared to be much less effective in animal 
model than that in hepatocyte culture. More tests using higher dose should be performed 
but consideration on the potential toxicity should also be made. The effect of the aqueous 
extract of FR on CYP450 enzymes should be investigated. Numerous compounds are 
known to induce CYP450 enzyme expression and modulate the biological activity of 
others. The component in the crude extract may enhance the activity of CYP450 enzymes 
and thus the toxicity of tBHP, which cannot be observed within the short period of cell 
culture. Furthermore, isolating the active component from the crude extract can increase 
the amount of active component given to animal, which may be capable of enhancing the 
antioxidant activity of FR and eliminating undesirable activities. 
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5.1 Introduction 
The antioxidant activities of aqueous extract of the five herbal components of WZ 
formula were illustrated in the previous chapters with FR being the most potent one. The 
active principle in this extract remains unknown. The crude extract of FR showed similar 
potency to vitamin C but lower than that of vitamin E. However, it is inappropriate to 
conclude the potency of FR extract unless the active component is isolated. It is possible 
that the pure compound has higher antioxidant activity than vitamin C or even vitamin E. 
Isolating the active component also allows more detail study on the structure function 
relationship of its antioxidant activity. 
Previous studies have listed the chemical composition of the FR fruit. This plant, 
Rubus chingii, contains high content of carbohydrates (Chou et aL, 1987) and its leave 
contain as high as 5.3% of sweet glycosides named as rubusosides. Fupenzic acid (Hattori, 
et al., 1988) and gosgonoside diterpenes (Tanaka et al, 1984) were also isolated from FR. 
Lambertannins C and D (tannins) have been identified in FR as well (Tanaka et al., 1993). 
However, their biological activities are poorly characterized. 
Tests were conducted to characterize the active antioxidant component contained in 
the FR extract. Carbohydrates, especially glycosides, may be the active antioxidant 
component in FR extract, whose activity can be altered by carbohydrate-digesting 
enzymes. Protein digesting enzymes will also be used to test whether the extract contain 
any proteinaeous antioxidant compounds. The chemical composition of the extract will be 
verified by several chemical methods. Finally, the elution pattern of the extract on various 
chromatographic columns may provide us information about the nature of the active 
Component. 
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5.2 Materials and methods 
5.2.1 Materials 
a-Amylase, a-glucosidase, P-galactosidase, trypsin, trypsin inhibitor, sodium 
tetraborate decahydrate, carbazole, phenol, tannin and Sephadex G-25 gel were purchased 
from Sigma. Polyamide CC6 resin was obtained from Bodman Industry. The resin was 
pre-rinsed with distilled water to remove any unbound monomers. Sephadex LH-20 gel 
was from Amersham-Pharmacia Biotech. Other chemicals used were of the highest quality 
available commercially. 
5.2.2 Chemical/physical treatments on FR extract 
FR extract was treated with various conditions according to Gebhardt (1997). A 
stock FR solution (5mg/ml) prepared in PBS was treated by the following conditions: 
(i) Acidified with IM HCl to pH 2.3 and incubated at 37°C for 24hr. The sample was 
then neutralized back to pH 6.0 with IM NaOH. 
(ii) Alkalinized with IM NaOH to pH 12.0，and incubated at 3 7 � C for 24hr. The sample 
was then neutralized back to pH 6.0 with 1M HCl. 
(iii) Heated at 121°C under high pressure, followed by cooling. 
(iv) Ultrafiltration through membrane with a molecular weight cutoff of 1000 (Amicon 





5.2.3 Digestion with enzymes 
a-Glucosidase digestion 
A 5mg/ml stock of FR extract was prepared in 50mM sodium acetate buffer, pH6.5. 
Then 100|al of a-glucosidase (lOmg/ml) prepared in the above buffer was added to 900|il 
of the FR extract stock and incubated at 37°C for 2hr. After heating at 100°C for 15min to 
inactivate a-glucosidase, the resultant mixture was centrifuged to remove debris. The 
superoxide-scavenging and protective activity in rat hepatocytes of the supernatant were 
tested. 
p-Galactosidase 
P-Galactosidase digestion was performed under the same conditions as in a -
glucosidase digestion. 
a-Amylase 
a-Amylase digestion was performed under the same conditions as in a-glucosidase 
while 50mM Tris-Cl buffer, pH6.5 with 3mM calcium chloride, was used instead. 
Trypsin 
Trypsin digestion was performed under the same conditions as in a-glucosidase 
digestion except 50mM Tris-Cl buffer, pH8.0 with 3mM calcium chloride was used 
instead. After incubation for 2hr, trypsin was inactivated by adding Img trypsin inhibitor 
to the reaction mixture. 
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5.2.4 Antioxidant activity determination 
Superoxide-scavenging activity was determined by the PMS/NADH/NBT system 
as described in Section 2.2.3. Primary rat hepatocyte isolation and culturing was performed 
as described in Sections 3.2.2 to 3.2.4. Cells were cultured with 50}ig/ml of the treated FR 
extract for 24hr. FR extract containing medium was then aspirated and medium containing 
500jiM tBHP was then added. LDH leakage and cell viability were determined 3hr after 
tBHP addition. Percentage inhibition on LDH leakage was calculated as in the following 
equation: 
% Inhibition = (LDH m^P .n.y -LDH pp - LDH … 价 x 100 
( L D H tBHP only 一 L D H control) 
5.2.5 Chemical composition determination 
5.2.5.1 Uronic acid determination 
Uronic acid content of FR extract was determined by the carbazole assay. FR 
extract was prepared in distilled water and pre-cooled on ice. A volume of 1.5ml 1.25M 
sodium tetraborate decahydrate in concentrated sulphuric acid was added to 250|il of the 
extract on ice. The mixture was then heated at 100°C for lOmin and cooled immediately on 
ice. Fifty \x\ carbazole solution (1.25mg/ml) was added to the mixture and heated at 100°C 
for 15min. Absorbance at 525nm of the mixture was determined after cooling to room 
temperature. Uronic acid concentration was calculated using glucuronic acid as standard. 
5.2.5.2 Hexose determination 
Hexose was determined by the phenol-sulphuric acid assay with glucose as 
standard. Two hundred |il of FR extract prepared in distilled water was added to 200pi of 
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5% phenol solution (in water, w/v). Then 1ml concentrated sulphuric acid was rapidly and 
directly added to the surface of the mixture without touching the walls of the test tube. The 
solution was left undisturbed for lOmin and was shaken vigorously prior to a further 30min 
incubation. Absorbance of the solution was determined at 490nm. 
5.2.5.3 Tannin determination 
Tannin content of the extract of FR was determined according to Tan et al (1991). 
To lOO^il sample, 2ml of 5% sodium bicarbonate in O.IM NaOH was added. The solution 
was allowed to stand for lOmin and 100|il Folin-Ciocalteu's phenol reagent was added 
with vortexing. After standing for a further Ihr, absorbance of the solution was determined 
at 700nm. Amount of tannin was determined with reference to tannin standard curve. 
5.2.5.4 Protein determination 
Protein content of FR extract was determined by Bradford's protein assay 
(Bradford，1976) with BSA as standard. 
5.2.6 Column chromatography 
FR extract was applied to two types of gel chromatography. The antioxidant 
activity of the fractions collected was tested by the PMS/NADH/NBT system. Presence of 
< 
FR extract in the fraction was followed by absorbance at 214nm. All solutions used in 




5.2.6.1 Polyamide CC6 resin column chromatography 
Polyamide CC6 resin was packed into Bio-Rad Econo column (2cm x 11cm) and 
equilibrated with distilled water. FR extract was prepared in distilled water at lOmg/ml and 
1 ml of the sample was loaded onto the resin. The column was washed with distilled water 
at Iml/min for two column-volumes and fractions of 1ml were collected. Afterwards, the 
column was eluted with O.IM sodium hydroxide. The OD214nm and superoxide-
scavenging activity of the fractions were determined. The fractions with superoxide-
scavenging activity were pooled and lyophilized for further analysis. Fractions collected 
after NaOH elution was desalted by using Bio-Rad Micro Bio-Spin® P-30 Tris 
chromatography columns following the manual instructions. The efficiency of desalting 
was checked by determining the pH of the samples. 
5.6.2.2 Sephadex LH-20 column chromatography 
Sephadex LH-20 gel column was performed according to Wall et al. (1996). 
Sephadex LH-20 gel (5ml) was loaded into Bio-Rad mini-column and equilibrated with 
distilled water. Then 0.5ml of FR extract prepared in distilled water (20mg/ml) was loaded • 
onto the column and fractions of 1ml were collected. The column was washed with 
distilled water for four column-volumes followed by 10ml 50% methanol (in water, v/v) 
and 50% acetone (in water, v/v). OD214iim and superoxide-scavenging activity of the 
fractions were determined. 
5.2.7 Antioxidant activity of commercially available tannin 
I , The tannin obtained commercially is a mixture of several derivatives of gallotannin. 
Superoxide radical scavenging activity of tannin was determined by the PMS/NADH/NBT 
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system. Tannin prepared in distilled water was added to this system and OD560nm was 
determined. The protective activity of tannin against tBHP-induced cytotoxicity was tested 
in primary rat hepatocyte culture as described in Sections 3.2.4 and 3.2.5. Tannin was 
prepared in William's medium E and sterilized by filtering through filter with 0.2|j.m pore 
size. Cells were pre-treated with different concentrations of tannin for 24hr and then 
treated with SOOfiM tBHP for 3hr. Cytotoxicity was assessed by LDH leakage assay and 
MTT assay. 
5.2.8 BSA precipitation 
BSA precipitation was performed as described by Rider et al (1992) with slight 
modification. A BSA stock of 2mg/ml was prepared in 0.2M sodium acetate, 0.17M NaCl， 
pH5.0. An equal volume of 2mg/ml of tannin, PA2 or FR extract was mixed with the BSA 
stock. The mixture was allowed to stand at 4°C for 30min. Precipitate formed was removed 
by centrifuging the mixture at 14，000rpm for 5min at 4°C. Superoxide-scavenging activity 
of supernatant was tested by superoxide generating assay. 
5.2.9 Statistical analysis 
Results were expressed as mean 土 SD and significant difference was taken as 




5.3.1 Effect of chemical/physical conditions on antioxidant activity of FR extract 
The extract treated with acid, base or high temperature showed similar superoxide-
scavenging activity as the non-treated one at different concentrations (Table 5.1). Activity 
of ultra-filtered sample was reduced by 55%. When the antioxidant activity of the treated 
extracts was tested in hepatocyte culture, no significant difference in activity could be 
observed in acid, base or heat temperature treated samples (Table 5.2). The extract 
obtained after ultra-filtration showed 20% reduction in antioxidant activity in hepatocyte. 
5.3.2 Effect of enzyme digestions on antioxidant activity of FR extract 
Antioxidant activities of the FR extract after treating with various digestive 
enzymes were shown in Table 5.3 for superoxide-scavenging activity and Table 5.4 for 
protective activity in rat hepatocyte culture. Neither trypsin nor a-amylase digestion 
showed significant influence on the activity of FR extract when compared with the non-
treated sample. A slight reduction in superoxide-scavenging activity was observed in 
extracts treated with p-galactosidase. More significant reduction in superoxide-scavenging 
activity was observed in sample treated with a-glucosidase. When 10|ig/ml of this sample 
was used, a 45% reduction of activity was found. Less pronounced reduction in activity 
was observed when 50^g/ml of a-glucosidase treated sample was used. 
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Table 5.1. Effect of physical/chemical treatments on the superoxide-scavenging activity of 
FR extract. 
% Inhibition 
[FR], |ig/ml 100 10 1 
Non-treated 86.4 土 0.6 47.3 土 0.4 6.1 ± 1.2 
Acidification 83.4 土 0.7 52.5 土 0.7 8.6 ± 0.9 
Alkalinization 84.5 ±1.1 51.3 ±0 .7 8.3 ± 0.6 
Ultrafiltration 86.7 士 0.8 22.6 土 0.5** 5.0 ±0.8** 
Heating 80.9 ±0.2 53.7 ±0.3 8.6 ±1 .2 
The FR extract was treated with acid, base, high temperature or ultrafiltration. Superoxide-
scavenging activity was then determined by the PMS/NADH/NBT system. Values were 
expressed as mean 士 SD (n=3) with statistical significance taken as **p<0.01 when 
compared with non-treated FR extract. 
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Table 5.2. Effect of different physical/chemical treatments on the protective activity of FR 
extract in rat hepatocytes. 
Treatment % Inhibition of LDH leakage % Viability of control 
tBHP only 0 士 7.2 20.6 土 2.7 
FR (non-treated) 71.4 ± 3.2 71.9 土 3.6 
FR (acidified) 78.3 土 2.6 78.9 土 0.7 
FR (alkalinized) 78.4 土 2.4 81.3 土 5.7 
FR (ultrafiltered) 57.8 ± 1.6** 67.5 土 3.3 
FR (heated) 72.8 土 2.8 79.4 土 4.2 
The treated extracts were sterilized and added to cells. After 24hr of pre-treatment, 
hepatocytes were challenged by 500|iM tBHP for 3hr. Cell damage was determined by 
LDH leakage and MTT assay. Results were expressed as mean 土 SD (n=4) with statistical 




Table 5.3. Effect of enzyme digestions on the superoxide-scavenging activity of FR 
extract. 
% Inhibition 
[FR], ^ig/ml 100 50 10 
Non-treated 88.5 土 0.2 86.3 土 0.4 52.1 土 2.5 
a-Amylase 90.0 士 0.1 85.1 ±0.1 51.3 土 3.3 
a-Glucos idase 87.1±0.4 75.7±0.6 29.6 士 1.1** 
P-Galactosidase 87.5 ±0.1 81.6 ±0.5 45.4 ±0 .7 
Trypsin 86.4 士 0.4 88.4 土 0.1 47.5 土 0.5 
FR extract was treated with carbohydrate- or protein-digesting enzymes. Superoxide-
scavenging activity was determined by the PMS/NADH/NBT system. Values were 
expressed as mean 士 SD (n=3) with statistical significance taken as **p<0.01 when 
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Table 5.4. Effect of enzyme digestions on the protective activity of FR extract in rat 
hepatocytes. 
Treatment % Inhibition of LDH leakage % Viability of control 
tBHP only 0 土 2.2 29.8 土 11 
Non-treated 75.0 土 3.8 71.9 ±3.6 
FR (a-Amylase) 72.6 土 1.3 74.2 土 1.9 
FR (a-Glucosidase) 70.9 土 3.9 71.8 ± 4.9 
FR (P-Galactosidase) 72.9 土 1.7 83.9 土 3.4 
FR (Trypsin) 73.4 土 1.4 77.3 土 2.9 
The treated extracts were sterilized and added to cells. After 24hr of pre-treatment, 
hepatocytes were challenged by SOO i^M tBHP for 3hr. Cell damage was determined by 
LDH leakage and MTT assay. Results were expressed as mean 土 SD (n=4). 
f 
J 
1 1 7 
5.3.3 Chemical composition of FR extract 
FR extract contained 13%, 35% and 36% of uronic acid, hexose and tannin 
respectively in terms of weight (Table 5.5). No protein can be detected in the extract. 
5.3.3 Polyamide CC6 resin column chromatography 
Substances in FR extract that did not bind to polyamide CC6 resin were collected 
as the flow-through (Figure 5.1) and named as PAL The polyamide-adsorbed substances 
were eluted by 0.1 M NaOH. The brown colour of the adsorbed substances became more 
intense when eluted with NaOH. The fraction for the polyamide-adsorbed peak was named 
as PA2. Both peaks showed superoxide-scavenging activity. The active fractions of each 
peak were pooled and lyophilized. Superoxide-scavenging activities of the dried powders 
were tested (Figure 5.2). PA2 showed a similar potency with crude extract in scavenging 
superoxide, with an I C 5 0 of 10)ig/ml. PAl showed lower potency of superoxide-scavenging 
activity with I C 5 0 of 50|ag/ml. PAl showed negative response to the tannin test but PA2 
was found to consist of 74% tannin. 
5.3.5 Sephadex LH-20 gel column chromatography 
Three peaks were observed in the profile of Sephadex LH-20 gel column 
chromatography of FR extract (Figure 5.3). The first peak (LI), representing the flow-
through, contained substance that did not adsorb onto LH-20 gel. The second (L2) and 
third (L3) peaks were obtained when the column was eluted with 50% methanol and 50% 
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Table 5.5. Uronic acid, hexose, tannin and protein content of FR extract. 
)j,g/mg extract % Weight 
Uronic acid 131 ± 1 2 13 
Hexose 350 ± 7 35 
Tannin 360 ± 8 36 
Protein N.D. ^ ---
Amount of uronic acid, hexose, tannin and protein were analyzed by chemical assays. 
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Figure 5.1. Chromatography of FR extract on polyamide CC6 resin column. FR extract 
was loaded onto polyamide CC6 resin column equilibrated with distilled water. The 
column was washed with two column volumes of distilled water and then eluted with O.IM 
NaOH. The fractions were followed at OD214nm and 120|il of the fraction was used for 
testing the superoxide-scavenging activity using the PMS/NADH/NBT system. 
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Figure 5.2. Superoxide-scavenging activity of the fractions PAl and PA2. The two main 
peaks, PAl and PA2, were pooled and lyophilized. The dry powders obtained were 
reconstituted in distilled water. The superoxide-scavenging activities of PAl (•) , PA2 (•) 
and FR extract ( • ) were tested by the PMS/NADH/NBT system. Results were expressed 
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Figure 5.3. Chromatography of FR extract on Sephadex LH-20 gel column. FR extract was 
loaded onto Sephadex LH-20 gel equilibrated with distilled water. The column was washed 
with three column volumes of distilled water. The adsorbed polyphenolic compounds were 
eluted by 50% methanol (in water, v/v) followed by 50% acetone (in water, v/v). Presence 
of extract was determined at OD214nm and 120|il of the fraction was used for testing the 
superoxide-scavenging activity using the PMS/NADH/NBT system. 
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5.3.6 Antioxidant activity of commercially available tannin 
Since the extract of FR contained tannin (Table 5.5), the antioxidative activity of 
commercially available tannin was tested by the PMS/NADH/NBT system and primary rat 
hepatocyte culture. Tannin showed superoxide-scavenging activity with I C 5 0 at 10|ag/ml 
(Figure 5.4). This value is similar to that of FR extract in the same assay. Furthermore, 
tannin protected rat hepatocytes against tBHP-induced oxidative damage. The most 
effective dose was 50|ig/ml whereas higher doses showed significant toxicity (Figure 5.5). 
5.3.7 Effect of BSA precipitation on superoxide-scavenging activities of FR extract, 
PA2 and tannin 
BSA precipitation of tannin, PA2 and FR extract caused their superoxide-
scavenging activity to decrease to less than 40% inhibition when lOO^ig/ml of sample was 
added to the system (Table 5.6). Same dose of the non-treated sample showed 88.5% 
inhibition. 
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Figure 5.4. Superoxide-scavenging activity of different concentrations of commercially 
available tannin. Tannin was added to the PMS/NADH/NBT system and colour change 
was determined at OD560nm. Results were expressed as mean 土 SD (n=4) with statistical 
significance at *p<0.05 or **p<0.01 when compared with experiment performed in the 
absence of tannin. 
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Figure 5.5. Effect of commercially available tannin on tBHP-induced oxidative damage in 
primary rat hepatocyte culture. Hepatocytes were pre-treated with different concentrations 
of tannin for 24hr prior to tBHP treatment. Cell damage was determined by MTT assay 
(upper) and LDH leakage (lower). Results were expressed as mean 土 SD (n=4) with 
statistical significance taken as **p<0.01 when compared with group treated with tBHP 
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Table 5.6. Effect of BSA precipitation on superoxide-scavenging activity of FR extract, 
PA2 and tannin. 
% Inhibition 
[Sample]，fig/ml 100 50 
Non-treated FR 88.5 土 0.2 86.3 土 0.4 
Non-treated tannin 90.2 ±0.2 91.4 土 0.2 
FR 38.6 土 0.35 a 45.9 ±0.53 a 
PA2 37.6 ±0.13 a 43.5 ±0.53 a 
Tannin 32.5 土 0.44 b 25.7 ± 1.14 b 
Equal volume of 2mg/ml BSA in 0.2M sodium acetate, 0.17M NaCl, pH5.0 was mixed 
with same volume of 2mg/ml of FR extract, PA2 or tannin. The mixture was allowed to 
stand for 30min and precipitate was removed by centrifugation at 14,000rpm, 5min at 4°C. 
Superoxide-scavenging activity of the resulting supernatant was determined by 
PMS/NADH/NBT system. Results were expressed as mean 土 SD (n=3) with statistical 
significance at p<0.01 when compared with ^ non-treated FR sample or b non-treated 
tannin. 
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Discussion 
The antioxidant component in FR extract was resistant to acid, base and high 
temperature. These properties are of high importance in using antioxidant as dietary 
supplement. The dietary value of many effective antioxidants, such as vitamin C and 
vitamin E，is reduced after prolonged cooking or destroyed during food manufacturing 
processes involving high temperature, acidic or basic conditions. Since FR extract was 
obtained by boiling the fruit in water, it is reasonable that the active antioxidant component 
was resistant to high temperature. The acid and base resistance implied that the ftinctional 
structure of the active component was not acid or hydroxyl group. These relatively stable 
properties of the active antioxidant component make it more useful in acting as healthy 
dietary supplement or anti-decaying antioxidant in food products. 
A portion of active components in the extract of FR should have a molecular 
weight lower than 1,000 as only 50% of antioxidant activity was recovered in the ultra-
filtrate. Antioxidant species with molecular weight above 1,000 may also be present. The 
active component in FR extract should not be a proteinaeous antioxidant since the activity 
is trypsin-resistant and no protein can be detected in the crude extract. Most of them may 
be denatured in the boiling process during extraction. 
Tannin should be the major antioxidant component of FR extract. The tannin rich 
PA2 fraction obtained after polyamide chromatography made up most of the content of the 
crude extract. It exerted more potent superoxide-scavenging activity than the tannin 
negative PAl fraction but similar to that of commercially available gallotannins. The 
extract of FR also had other properties of tannin in addition to the binding to polyamide. 
,The brown colour of the polyamide bound PA2 became more intense when eluted with 
alkaline solution (Collin et al, 1998). Besides, precipitate was observed after adding BSA 
127 
to the crude extract, PA2 and tannin, which resulted in drastic reduction in superoxide-
scavenging activity. This property showed that the major antioxidant component in FR 
extract was tannin. The protein binding activity of tannin in FR extract may allow them to 
bind onto plasma membrane proteins. Such site directed activity enhanced their 
effectiveness in inhibiting lipid peroxidation and membrane protein damage caused by free 
radicals. However, the protein binding property may lowered the bioavailability of FR 
extract since some of them may not be absorbed after binding to proteins or fibers in the 
gastrointestinal tract (Perez-Maldonado and Norton, 1996). 
Tannins can be divided into two main groups. The hydrolysable tannins have 
molecular weight ranging from 500 to 5,000, while the condensed tannins can have 
molecular weight as high as 20,000. Gallotannin is a hydrolysable tannin, while the tannin 
found in FR extract should be a low molecular weight condensed tannin resistant to acid or 
base hydrolysis. Condensed tannins are derivatives of flavonols with numerous phenolic 
groups, which are essential in their free radical scavenging activity. The results of the 
polyamide chromatography only provided information about the properties of the active 
component. It did not seem to be an efficient method in isolating tannins from crude 
extract of FR. LH-20 gel chromatography was used since it is effective in separating 
polyphenols and tannins. However, it was also not effective in purifying the active tannin, 
since all the three main peaks exerted superoxide-scavenging activity. It appears that 
several tannin derivatives, which differed in their hydrophobicity, are responsible for the 
antioxidant activity. 
Tannins have been demonstrated to possess antioxidant activity in vitro 
(Desmarchelier et al” 2001; Lodovici et al, 2001; Reidl and Hagerman, 2001) and in cell 
r 
I 
culture (Wei et aL, 2002; Giovannelli et al., 2000). They protect against acetaminophen-
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induced oxidative damage of liver in rat model (Lin et al., 2001). However, there was no 
report concerning the effect of tannins on tBHP-induced oxidative damage in hepatocytes. 
In addition to free radical scavenging activity (Lin et al., 2001)，tannins also inhibit tumor 
growth (Kamei et aL, 1999), HIV-1 reverse transcriptase (Yoshida et aL, 1996; Mlinaric et 
aL, 2000) and HIV-1 protease (Xu et al, 2000). Thus, FR extract might also have these 
biological activities. 
The tannin negative PAl fraction only played a minor role in the antioxidant 
activity of the crude extract due to its low composition and activity. It may contain 
glycosides or ditrepenes. Glycosides have been demonstrated to possess antioxidant 
activity in vitro. Silybin glycosides inhibit tBHP cytotoxicity in rat hepatocyte and 
erythrocyte (Kosina et al, 2002). 
Free radical scavenging activity of a compound is strongly depends on its structure. 
Alteration in structure may cause a loss of antioxidant activity. Superoxide-scavenging 
activity of the crude extract was diminished by a-glucosidase but not p-galactosidase. The 
a-glucoside residue, either located in glycosides or tannins, may be essential in the 
stability (Yamamoto et al, 1990) or antioxidant activity of the active principle. Amylase 
did not affect the activity of FR extract as the enzyme itself may be inhibited by the tannin 
moiety of the extract (Zhang and Kashket, 1998). The carbohydrate moiety should play a 
role, to some extent, in the superoxide-scavenging activity of FR but not the antioxidant 
activity in hepatocytes. Such protective effect should mainly be contributed by the tannins. 
Multiple antioxidant components were present in FR extract, and each of them 
showed different potency of antioxidant activity. This phenomenon can explain the wide 
spectrum of scavenging activity against different types of free radical of the crude extract. 
1 2 9 
Conclusion 
The aqueous extract of the WZ formula showed superoxide scavenging activity but 
not other types of free radicals in the in vitro assays. Further investigation using individual 
components found that the FR extract was the most potent one among the five herbs. The 
extract also exerted protective effect against tBHP induced oxidative stress in primary rat 
hepatocyte culture but failed in the animal model. This may be due to its low bioavailability 
or the doses used were not sufficient. Further tests using higher doses or other animal model 
may better demonstrate the antioxidant activity of FR. 
Chemical composition analysis and column chromatographic results showed that FR 
extract was rich in tannins, which may be responsible for the antioxidant activity. Being 
resistant to acid and base hydrolysis, the active tannin should be condensed tannin but the 
actual identity remains unclear unless it is being isolated. However, both polyamide and LH-
20 gel chromatography were not effective in isolating the antioxidant tannin. Other 
antioxidants might also present in FR extract. Thus, FR was a rich source of antioxidants, and 
has great potential to be developed into a dietary supplement or medicine. 
Different antioxidant activities were observed between the whole formula and 
individual component. This implied that the pharmacological activity of individual 
component might not represent their functions in a formula. The present study only used the 
aqueous extracts for the study of the antioxidant activity of WZ formula and individual 
components. Using organic solvents for extraction may yield different results since different 
constituents may be extracted. Further study on the antioxidant activity of individual 
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